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Between  30th  Nov.  1865  and  aOrH  Not.  1867. 

Dr.  Benjamin  Qvy  Babington  was  bom  in  1 794.  He  was  the  >on  of 
Dr.  William  Babiagtooj  who,  in  hia  time*  held  a  foremoat  place  as  a  popu* 
larand  aoocesafol  London  physician.  Elncated  at  the  Charter  House,  he 
snbseqnentlj  went  through  the  nsnal  coarse  of  study  at  Haileybury  College 
then  required  of  young  men  destined  for  the  Indian  Civil  Service ;  he 
went  ont  to  the  l^ras  Presidency  as  a  member  of  that  service  in  1812. 
After  remaining  seven  yean  in  India,  he  was  compelled  by  ill  health  to  re- 
turn home^  and  then  determined  to  leave  the  Indian  Service  and  adopt  his 
father's  profession.  With  this  view  he  entered  at  Pembroke  College,  Cam* 
bridge*  and  took  ihe  degree  of  11.8.  in  1825,  and  that  of  M.D.  in  1830, 
In  the  meantime  he  commenced  practice  in  London,  and  in  1831  was 
elected  a  Fellow  of  the  College  of  Physicians.  For  the  prosecution  of  his 
medical  studies  in  London  he  had  chosen  Guy's  Hospital,  where  his  father 
was  phyBician,  and  he  was  himself  appointed  assistant  physician  to  that 
Institution  in  1837,  and  promoted  to  be  one  of  the  physicians  in  1840. 

Dr.  Babington  was  much  esteemed  as  a  clinical  teacher,  and  was  the 
author  of  papers  on  different  professional  subjects*  published  in  the  Guy's 
Hospital  Beports,  and  elsewhere ;  but  he  also  engaged  in  researches  of 
more  general  scientific  interest,  and  among  them  his  observations  on  the 
blood,  published  in  the  'Hedico-Chimrgical  Transactions*  of  1830,  de- 
serve especial  mention,  inasmuch  as  he  there  showed  that  the  liquid  part 
of  the  circulating  blood,  or  "liquor  sanguinis  *'  (a  name  proposed  by  him 
to  distinguish  it  from  the  serum,  and  very  generally  adopted  since),  really 
contains  or  yields  the  eoagolable  matter,  or  fibrin,  which  solidifies  in  the  pro- 
cess of  coagulation.  This,  no  doubt,  was  merely  a  confirmation  by  simple 
butwelUdevised  experiments  of  the  doctrine  held  by  Hewson  and  his  con- 
temporaries, and  accepted  by  most  British  physiologists ;  but  the  confirma- 
tion was  needful  and  well  timed  on  account  of  tlie  erroneous  views  then 
prevailing  on  the  continent  on  the  authority  of  Prevost  and  Dumas.  At 
a  later  time  namely  in  1859,  Dr.  Babington  communicated  to  tbe  Kovnt 
Society  a  series  of  observations  on  the  effect  of  various  salts  dissolved  in 
water  in  retarding  or  otherwise  altering  the  rate  of  spontaneous  evaporation, 
and  an  abstract  stating  the  nature  and  results  of  the  eiperiments  was  pub- 
lished in  the  '  Proceedings '  for  1859. 

In  the  establishment  of  the  S}'^enham  Society,  since  succeeded  by  the 
new  Society  of  the  same  name.  Dr.  Babington  took  an  active  share.  Up 
to  the  time  of  its  dissolution  he  acted  as  Treasurer,  and  contributed  to  its 
publications  an  elegant  translation  of  '  IIecker*s  Epidemics  of  the  Middle 
Ages*'  besides  aiding  in  the  revision  of  other  works  published  by  the  So- 
ciety. The  Epidemiological  Society,  founded  in  1850,  owes  its  origin 
mainly  to  his  ciertions.   He  was  its  first  President^  and  continued  in  that 
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office,  taking  part  with  unabated  interest  in  its  usefttl  labours»  till  witbin  a 
short  time  of  his  death. 

It  remains  to  be  added  that  Dr.  Babington  was  a  man  of  varied  accom- 
plishments* He  had  a  refined  taste  in  art,  and  applied  his  hand  m  some  of 
its  departments  with  no  mean  success.  He  had  great  readiness  and  skill  in 
devising  and  constructing  apparatus  and  bstroments  of  various  kinds,  and 
mechanical  appliances  for  the  ease  and  comfort  of  the  sick.  It  is  especiallj 
worthy  of  note  that  in  1829  he  communicated  to  the  Hnnterian  Society  of 
London  a  method  of  inspecting  the  fauces  and  glottis  in  the  living  person 
by  means  of  a  small  mirror  passed  back  into  the  throat ;  so  that,  for  aught 
that  appears  to  the  contnury.  Dr.  Babington  is  entitled  to  the  credit  of 
having  made  the  first  practical  step  in  the  art  of  laryngoscopy. 

Dr.  Babmgton  was  elected  a  Fellow  of  the  Boyal  Society  in  1828 ;  in 
1861*63  he  served  on  the  Council.  His  death  took  phice  on  the  8th  of 
April,  1866, 

WiLLTAM  Thomas  Brands,  D.C.L.,  F.R.S.,  was  bom  on  the  1 1th  of 
January,  1 788,  in  Arlington  Street,  St.  James's,  London,  and  died  at  Tun- 
bridge  Wells  on  the  1 1th  of  February,  1866,  in  the  seventy-ninth  year  of 
his  age. 

When  about  six  years  of  agp  he  was  placed  in  a  private  school  at  Ken- 
sington, where  he  remained  fbur  years.  At  this  school  he  made  tolerable 
progress  in  the  rudiments  of  the  Latin  language,  and  learned  to  read  Greek. 
On  leaving  it  he  was  sent  to  Westminster,  where,  during  a  period  of  eight 
years,  be  made  fair  progress  in  classical  and  general  knowledge.  His 
father,  who  was  an  apothecary,  suggested  that  he  should  select  the  Church 
for  his  future  career;  but  he  preferred  the  medical  profession,  and  on  the 
2nd  of  February,  1802,  according  to  the  custom  of  those  days,  he  was 
hound  apprentice  to  his  brother,  who  was  a  Member  of  the  Socie^  of  Apo- 
thecaries. The  family  removed  from  Arlington  Street  to  Chiswiek,  and 
here  it  was  tHat  Mr.  Brande  first  became  acquainted  with  Mr.  Charks 
Hatchett^  whose  daughter  he  subsequently  married.  Mr.  Hatchett  at  this 
time  was  much  occupied  in  chemical  investigations,  and  it  appears  to  have 
been  from  his  conversation  and  example  that  the  subject  of  this  memoir 
iirst  acquired  a  strong  attachment  to  Chemistry  and  Mineralogy.  He  often 
assisted  Mr.  Hatehett  in  his  laboratory,  and  he  received  from  him  speci- 
mens of  minersls  which  formed  the  foundation  of  a  collection  which  he 
kept  up  through  life.  He  was  then  siQuply  a  schoolboy  fond  of  science, 
and  this  feeling  was  encouraged  and  developed  by  the  kindness  and  atten- 
tion of  Mr.  Hatchett.  He  had  then  no  idea  that  chembtry  would  be  his 
future  profession. 

In  the  year  1802,  when  in  his  fourteenth  year,  be  paid  a  visit  to  his 
uncle  at  Hanover,  and  here  he  acquired  a  good  knowledge  of  the  French 
and  German  languages.  In  the  spring  of  1803  he  visited  Brunswick  and 
Gottingeu ;  but  all  his  plans  of  study  were  iuterfered  with  by  the  breaking 
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out  of  the  wnr  and  the  approach  of  the  French  to  Hanover.  Wnh  somo 
difficulty  he  escnped  to  Ilamhurg,  and  reached  Loiuiou  after  passing  a 
month  at  sea  in  a  Dutcli  mcrchant-TCSsel. 

In  iJ^O  J  lie  resumed  his  duties  as  npprr nhcc  to  his  brotlier,  and  in  the 
autumn  [)f  that  year,  and  in  the  seventeenth  year  of  his  age,  he  became  u 
pnpil  at  tlip  Anatomical  and  Medical  School  in  Windmill  Street.  lie 
attended  tiae  lectures  of  Mr.  "Wilson  aud  Mr.  Thomas,  and  it  was  during 
this  ])eriod  of  i^tndy  that  he  made  the  acquaintance  of  Brodie  (the  late 
Sir  Rpnjamin),  ^laynard,  Ewbank,  and  other  professional  men  of  repute. 
He  now  .studied  chemistrv  ujulor  l^r.  Gcor^re  Pearson,  and  became  one  of 
his  pupils  at  8t.  George's  Hospital.  He  iiere  made  the  ncfjuRinf ance  of 
Dr.  C.  R.  Pembcrtcn,  and  by  the  aid  of  this  pontlofnan  he  acquired  a  con- 
siderable knowledge  of  disease  and  a  great  liking  for  the  ])ractice  of  physic. 
About  this  time  also  he  found  a  friend  in  Sir  Everard  Home,  who  was  then 
in  the  zenith  of  his  reputation. 

A  weekly  meeting  was  held  on  Saturday  evening  ai  tlie  Winflmill-street 
School  :  this  was  founded  on  the  ruins  of  the  onee  crlrl/rated  Lyceum 
Medicum,  aud  it  maybe  regarded  as  the  parent  of  the  Westminster  IVre- 
dical  Society.  The  meetings  were  attended  bv  mnny  medienl  men  of 
repute;  medical  and  scieutilic  papers  were  read  and  disenv^ctl  ;  aiifl 
chemistry  was  very  often  the  subjcet  ofincpiirv,  Mr.  Brniifli-  tound  that  lie 
was  frequently  referred  to  as  an  autliority  on  matters  coouected  with  this 
science.    AVriting  of  thi??  date,  ]\lr.  Hi  aii  li  states  : — 

"I  was  now  full  of  nidour  in  its  prosecution  (i.e.  of  chemistry)  ;  and 
aitliongh  my  brother,  with  whom  T  still  lived,  whose  apprentice  I  was,  and 
in  whose  ^hop,  notwithstanding  all  other  ns«!Oci;\tion'i,  I  still  ^vorkf  d  and 
parsed  a  large  part  of  my  time,  threw  every  obstacle  in  the  way  of  niy 
chemical  progress  that  was  decently  in  his  power,  I  found  time,  however, 
to  read,  and  often  to  ex)>eriment  in  my  bedroom  late  m  the  evening.  I 
thns  collected  a  series  of  notes  and  ob:5ervations  which  I  fondly  hoped 
might  at  some  future  period  serve  as  the  basis  of  a  eourac  of  lectures,  find 
thia  in  time  they  actually  did.  It  was  at  this  period  that,  in  imitation  of 
Mr.  Hatchett's  researrhe«,  I  made  some  experiments  on  Benzoin,  the  results 
of  whieh  were  published  in  Nieliolson's  Journal  lor  February  180r»." 

T}ii<,  it  mny  be  remarked,  was  his  fi rat  chemical  contribution  tost  icutitic 
literature.  He  was  then  only  about  sixteen  years  of  age.  Mr.  Jiranile 
also  contributed  to  the  pnme  journal  for  June  IBO.")  n  paper  on  Kaspiration> 
wiiich  had  been  read  to  ihv  Westminster  Medieal  Society. 

Jlh  fir*>t  introduction  to  Sir  Humphry  Havy  waj  about  the  year  1801, 
when  he  was  a  boy  at  Westminster  School,  then  in  his  thirteenth  year. 
He  was  introduce  d  to  Havy  at  the  Unynl  Institution,  which  had  been  re- 
cently founded.  After  iii-  n  turu  from  Germany  in  KSOl,  he  renewed  his 
acquaintance  with  Davy,  and,  as  a  result,  his  zt  nl  In  the  ])nrsnit  of  che- 
n:i>try  was  greatly  augmented.  Sometimes  he  stole  awriy  from  home,  or, 
instead  of  going  to  the  Anatomical  School  iu  WiudmiU  Street,  coutrived 
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to  get  admitted  to  one  of  Dnvy^s  lectures  at  the  Roynl  Institution.  It  ap* 
pears  that  at  this  time  he  formed  a  resohition  of  losing  no  opportunity  that 
should  present  itself  to  enable  him  to  take  the  office  of  a  lecturer  on 
chemistry. 

In  the  autumn  of  1805  he  drew  up  an  account  of  some  experiments  on 
Guaiacuin  rrsin.  Tliis  formed  the  subject  of  a  paper  presented  by  Mr. 
liatchett,  aiiil  lead  before  the  Royal  Society  on  the  19th  of  December. 
It  was  printed  iu  tlie  'Philosophical  Transactions'  for  1806.  He  now  became 
acquainted  with  Sir  Joseph  Banks,  lie  was  frequently  consulted  by  Sir 
Everard  Home  on  chemical  and  physiological  questions  ;  and  by  the  adyice 
of  Sir  Everard  he  was  entrusted  with  the  analysis  of  the  calculi  then  in 
the  collection  of  the  College  of  Surgeons.  The  results  were  communicated 
in  a  letter  to  Sir  Everard,  which  was  read  before  the  Royal  Society  on  the 
19th  of  May,  1808,  and  published  in  the  Transactions  with  some  obserra* 
tions  by  Sir  Everard  Home.  Two  other  papers  relating  to  the  state  and 
quantity  of  alcohol  iu  fermented  liquids  were  published  in  the  Transactioni 
for  181 1  aud  1813.  For  these  he  was  presented  with  the  Copley  Medal 
in  1813. 

The  uiuLcr  of  1808  was  an  important  epoch  in  Mr.  Brriudc's  life.  He 
being  then  in  his  21st  year,  commenced  lecturing,  and  gave  two  courses  of 
lectures  on  pharmaceutical  chemistry  at  Dr.  Jlooper's  Medical  Theatre  in 
Cork  Street,  Burlington  Gardens.  These  lectures  were  so  well  received 
that  Mr.  Brande  was  invited  in  the  ensuing  autumn  to  join  the  new 
Medico-Chemical  School  established  by  ^fr.  "Wilson  in  Windmiil  Street. 
Dr.  Cooke  and  Mr.  iiraude  lectured  there  on  alternate  mornings  on  physic 
atid  chemistry;  but  the  weight  of  the  entire  course  fell  chiefly  on  Mr. 
Brand  Dr.  Cooke  withdrew  from  the  lectures,  and  in  1813  Mr.  Bratide 
joined  Dr.  George  Pearson,  wlio  gave  medical  lectures  at  his  house  in  George 
Street.  Mr.  Brande  gave  a  course  of  lectures  on  Materia  Medica  at  Dr. 
Pearson's,  and  at  the  same  time  continued  the  course  of  Chemistry  at  the 
small  laboratory  which  he  had  fitted  up  in  Windmill  Street. 

On  the  13th  of  April,  1809,  being  then  only  21  years  of  age,  Mr.  Brande 
was  elected  a  Fellow  of  the  Royal  Society,  aud  took  his  seat  on  the  20tb  of 
that  month.  This  at  once  brought  him  in  contact  with  all  the  leading 
scientific  men  of  the  day,  including  Cavendish,  the  elder  Iler.schel,  Maske- 
lyne,  aud  AVollaston.    To  all  these  he  soon  became  inUaiatcly  known. 

On  the  4  th  of  November,  1812,  Mr.  Brande  accepted  the  appointment  of 
Professor  of  Chemistry  and  Superintending  Chemical  0])crator  to  the  Apo- 
thecaries* Company.  This  gave  iiim  the  o])[>urtunity  of  reuiodelling  many 
of  their  pharmaceuLical  processes,  and  of  raising  them  to  the  level  of  the 
improved  state  of  chemistry.  There  can  be  no  doubt  that  Mr.  Brande 
aided  in  an  important  degree  in  resuscitating  the  character  of  the  Society 
aud  giving  to  it  a  scientific  status.  The  late  Mr.  Hennell  was  his  pupil. 
Mr.  Brande  was  made  Professor  of  Materia  Medica,  and  he  delivered  an- 
nually a  course  of  lectures  ou  that  subject. 
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III  (he  tpring  of  181 2,  Mr.  Dayy  (afterwank  Sir  Humphry  Davy),  with 
whom  Mr.  Brande  was  on  cordial  aad  intimate  terms,  dehvered  his  last 
eoane  of  lectorea  in  tke  Bojral  Institntion.  On  the  occasion  of  his  mar- 
riage at  thii  date  he  resigned  the  ehdr  of  Professor  of  Chemistry  in  the 
Boyal  Iiielitiition«  and  invited  Mr.  Brande  to  delirer  for  him  a  course  of 
lectorea 'which  he  had  been  in  the  habit  of  giving  annnaUy  before  the 
Board  of  Agrienltiire.  These  leetnres  were  d^Tcred  gratuitously  by  Mr. 
Brande ;  but  ui  the  foLlowmg  year  this  Board  was  dissohed. 

In  the  winter  of  1831,  Mr.  Brande  gave  a  probationary  course  of  Che- 
mistry at  the  Bojal  Institution,  and  in  May  of  the  same  year  he  was  nnani- 
monsly  elected  Professor  of  Chemistry.  In  the  antumn  of  this  year  he 
took  poBsesnon  of  the  apartments  that  had  been  oecopied  by  Sir  Humphry 
Dkwj,  and  was  then  completely  installed  as  his  successor.  Sir  Humphry 
went  abroad  and  did  not  return  for  two  years. 

In  October  1815«  Mr.  Brande  transferred  the  pupils  ftom  his  School  of 
Chemistry  in  Windmill  Street  to  the  laboratory  of  the  Boyal  Institntion. 
and  he  commenced  a  regular  and  extended  course  of  lectures  on  this  science. 
In  consequence  of  the  death  of  Dr.  Pearson,  the  chemical  lectures  were  abo 
transferred  from  St.  George's  Hospital  to  the  Royal  Institution.  His 
lectoies  were  w^  attended  and  contributed  to  raise  the  reputation  of  the 
Institntion  as  a  seat  of  practical  instruction.  He  was  subsequently  assisted 
in  these  lectures  by  Mr.  Faraday.  Mr.  Brande  devoted  himself  at  this 
time  entirely  to  chemical  pursuits  and  to  lectures  on  the  science. 

In  1823  he  was  consisted  by  the  GoTcmment  and  drew  up  a  report 
on  the  manufacture  of  iron  and  steel.  The  manufacture  of  the  metal  for 
coinage  formed  a  part  of  the  mquiiy ;  and  the  office  being  yacant  in  1825, 
Mr.  Brsnde  was  appomted  Superintendent  of  the  Die  Department  at  the 
Boyal  Mint.  In  1854,  he  resigned  his  professorship  in  the  Boyal  In- 
stitution, and  was  made  Superintendent  of  the  Coining  department  at  the 
IGnt. 

It  was  in  the  year  1825  that  Mr.  Paraday  became  associated  with 
Mr.  Brande  in  the  lectures  deliYcred  at  the  Boyal  Institution.  He  also 
had  the  assistance  of  Mr.  Faraday  in  the  pnbUcation  of  the  '  Quarterly 
Journal  of  Science  and  the  Arts,'  edited  at  the  Boyal  Institution.  This 
pnbllcatbn  was  commenced  in  1816,  and  was  carried  on  until  1836,  when 
it  fell  into  other  hands  and  was  soon  discontinued.  In  1836  Mr.  Brande 
was  named  one  of  the  original  Fellows  of  the  Unirersity  of  London,  and  a 
Member  of  the  Senate  of  that  Body ;  and  in  1846  he  became  Examiner  in 
Chemistry,  an  office  which  he  retained  until  1858.  He  received  the  hono- 
rary degree  of  Doctor  of  Civil  Law  in  the  UniTcrsity  of  Oxford.  He  was 
a  Pdlow  of  the  Boyal  Sodettts  of  London  and  Ectinburgh,  and  of  many 
other  British  and  Foreign  Societies.  From  1816  to  1826  Mr.  Brande 
was  one  of  the  Secretaries  of  the  Boyal  Society. 

Mr.  Brande  was  the  author  of  a  *  Manual  of  Chemistry,'  which  went 
through  BIZ  editions,  of  a  *  Dictionary  of  Pharmacy  and  Materia  Medica,' 
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tad  of  a  smaller  volume  on  Chemistry,  especially  designed  for  students* 
publisbed  in  1 861 .  In  1842  be  undertook  the  editorship  of  the  '  Dictionary 
of  Science  and  Art/  a  most  laborious  undertaking ;  and  at  the  time  of  his 
death  be  was  oeeapied  in  revising  a  new  edition  of  this  work*  His  scien* 
tific  eontribtttlonB  to  periodical  literature  were  also  very  numerous. 

Fnta  1808  to  1854,  the  long  period  of  forty-six  years,  the  subject  of 
this  memoir  had  been  before  the  public  as  a  lecturer  on  chemistry.  He 
was  indefatigable  as  a  teacher  of  this  science.  In  addition  to  the  lectures 
regularly  delivered  at  the  Royal  Institution  and  the  Booiety  of  Apotheca- 
ries, Mr.  Brande  lectured  for  some  time  on  chemistry  to  the  cbisses  at  8t. 
Bartholomew's  Medical  School.  Many  of  the  past  and  present  generation, 
whether  in  or  ont  of  the  medical  ))rofe8sion,  owe  much  of  their  knowledge 
of  this  science  td  his  teaching.  The  substance  of  his  lectures  is  incorpo- 
rated in  the  great  work  by  which  he  acqtiired  a  European  reputation, 
namely  his  *  Manual  of  Chemistry.'  ^This  work  was,  in  its  day,  one  of  the 
most  popular  in  the  English  language,  and  there  are  few  recent  treatises  on 
the  subject  which  are  not  indebted  to  its  pnqes  for  much  valuable  informa- 
tion. He  found  chemistry  an  ill-arranged  collection  of  facts,  and  succeeded 
in  reducing  them  into  form  and  order,  thus  aiding  greatly  in  the  oultiva- 
tion  of  the  science  and  in  placing  it  on  an  intelligible  basis. 

No  scientific  man  who  was  brought  in  contact  with  ilr.  Brande  could 
fail  to  be  struck  with  the  accuracy  and  extent  of  his  knowledge,  the  reten* 
tiveness  of  his  memory,  and  the  truthfulness  and  honesty  of  purpose  by 
which  he  was  always  actuated.  The  friend  of  Qay-Lussac  and  Th^nard 
and  the  associate  of  Davy  and  Faraday,  he  formed  a  connecting  link  be- 
tween the  chemists  of  the  past  and  the  present  generation.  He  lived  to 
see  the  most  remarkable  changes  in  the  sdeoce  which  he  had  himself  so 
ancceflsfully  cultivated,  but,  like  his  great  contemporaries,  he  preferred  de- 
monstration to  specotation ;  and  although  ready  to  adopt  what  was  esta- 
blished  by  experiment,  however  it  might  conflict  with  his  prerioua  views, 
he  was  strongly  opposed  to  innovations  based  upon  mere  hypotheses.  In 
private  life  Mr.  Brande  was  well  known  as  a  man  of  genial  character. 
His  conversational  powers  were  great,  and  no  man  could  pass  an  hour  in  bis 
society  without  retainuig  a  pleasant  remmiseenee  of  him  as  a  compamon. 

A.&T. 

William  BRiirtoN,  M.D.,  was  the  second  son  of  the  late  Mr.  Heniy 
Brintoo,  one  of  the  principal  carpet  manufacturers  of  Kidderminster,  where 
the  subject  of  the  present  notice  was  born,  on  the  20thof  November^  1823. 
After  attaining  remarkable  proficiency  at  school,  William  Brinton  was  ap- 
prenUced  to  a  surgeon  in  his  native  town,  and  in  October  1848  entered 
the  medical  department  of  King's  College,  having  in  the  preceding  sum- 
mer matriculated,  with  honours,  at  the  UmTensity  of  London.  He  passed 
through  bis  student  career  with  great  distinction,  and  was  noted  among  his 
fellows  not  only  for  the  general  alnlity  and  Indomitable  perseverance  witb 
wliich  he  applied  himself  to  intellectual  work«  but  especially  for  his  unde* 
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riating  aim  at  precision  and  thoroughness  of  knowledge  in  aU  his  studies. 
The  cliaracter  he  bore  aa  a  student  was  honourably  maintained  at  the  Uni- 
versity of  London,  where  he  took  the  degree  of  M.B.  in  1847,  aiul  ot  M  .D. 
in  the  followincr  year.  In  tlic  meantime  he  \vas  appointed  Asm. cant  De- 
monstrator of  Auatoniv,  auJ  in  18.j()  ^redieiil  Tutor,  at  Ivm^'s  C'olku;r, 
which  appointment  he  held  until  lrS.)ii,  when  he  was  elected  LetLuici  ou 
Forensic  Medicine  at  St.  ThomaH's  Hospitah 

To  St. Thomas's  medical  school  Dr.  Ikiuton  became  j)ermanently  attached 
hj  hii  being  elected  Physician  tu  the  Hospital  in  1H60,  and  appointed 
Leetmer  on  Physiology',  having  previously  been  assoeiated  with  the  late 
llDr«  Grainger  in  that  lectureship.  He  soon  proved  himself  to  be  an  able 
and  aooompliahed  teacher  of  physiology ;  and  those  who  have  heard  hiin 
ketiire  tpeak  with  admiration  of  his  appropriate  language  and  agreeable 
ddiveiy,  and  of  the  ready  power  and  happy  effect  with  which  he  uted  bis 
pendl  to  IDtutnte  his  oral  instructions. 

From  1852  until  his  appointment  to  St.  Thomas's  in  I860,  Dr.  Brinton  was 
Plijiidaii  to  the  Royal  Free  Hospital,  where  he  enjoyed  large  opportnnittfls 
of  mecHcal  obtemtioa ;  and  during  his  tennTO  of  that  office  he  pnbliihed  in 
<Tha  Laooet'  a  (wriet  of  "  Clinical  RemarW  whieh  were  imifih  valned. 
Ho  apeedily  roie  in  the  eetimation  of  his  profesrional  brethren  and  guned 
the  eonfidence  of  the  pablic,  so  that  for  some  yearn  before  hie  death  he  en- 
joyed a  much  hvger  ahaie  of  oonanlting  practiee  than  nsoalij  laUi  to  the 
lot  of  young  physieiani  of  his  atanding. 

When  qnite  a  young  man  Dr.  Brinton  oontribnted  Mveial  artidea  to  Dr. 
Todd's  <  Oyclopeedia  of  Anatomy  and  Hiysiology/  and  translated  Valenttn'i 
'Text-book of  Physiology'  from  the  German.  In  1857  be  published  a 
work  on  'Ulcer  of  the  Stomadi/  and,  two  years  kter,  one  of  more  ex- 
tended scope,  on  *  Diseases  of  the  Stomach this  was  followed  by  a  treatise 
on  *  Food  and  Digestion**  These  works  were  the  result  of  a  careful  stndy  of 
a  subject  to  which  he  had  given  spectsl  attention.  He  entertained  original 
views  on  the  natural  and  perverted  movements  of  the  alimentary  canal,  and 
on  the  nature  and  cause  of  intestinal  obstruction,  and  gave  an  exposition  of 
his  doctrine  in  the  Oroonian  Lectures  which  he  delivered  before  the  Col* 
lege  of  Physictans. 

Three  papers  by  Dr.  Brinton  were  read  to  the  Royal  Society,  of  which 
abstracta  were  published  in  the  '  Proceedings ;  *  vis.  "  Contributions  to  the 
Physiology  of  the  Alimentary  Canal "  (1848),  "  On  the  Dentate  Body  of 
the  Cerebellum"  (1852),  and  Experiments  and  Observations  on  the 
Stnieture  and  Function  of  the  Stomach  in  the  Vertebrate  Clsss"  (1861). 
He  was  elected  a 'Fellow  of  the  Society  in  June  1864. 

In  a  memoir  of  Dr.  Brinton  whieh  appeared  in  *The  Lancet  *  soon  after 
his  death,  from  which  chiefly  we  have  derived  the  substance  of  this  brief 
notice,  it  is  mentioned  that  among  his  numerous  tastes  and  acquirements 
was  a  loTO  of  mountaineering,  and  that  he  was  a  member  of  the  Alpine 
Club,  and  contribnled  two  papers  to  the  second  series  of  "F^ks,  Passes, 
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and  Glaciers."  Dr.  Brintoii  died  on  the  17th  of  January,  1867i  at  Uie 
early  age  of  4d«  The  cause  of  his  death  was  renal  diseaae  of  three  yean 
duiation,  agabst  which  he  had  all  along  borne  up  with  varrdloiu  courage. 

Mr.  Walter  Crum,  an  eminent  scientific  chemist  and  manufacturer  of 
Glasgow,  was  bom  there  in  1 796,  and  died  at  hia  residence,  the  Roukeo, 
near  that  city  on  the  5th  of  May,  1 867*  He  was  the  second  son  of  Mr.  Alei< 
under  Cruni«  of  Thornlichank,  senior  partner  in  the  firm  of  Alexander  and 
James  Crum,  long  established  and  much  respected  as  merchant  manufao- 
turers  in  Glasgow.  His  mother,  to  whose  family  his  personal  characteris- 
tics appear  to  have  li.id  the  strongest  resemblance  was  a  daughter  of  the 
late  Walter  Ewiag  Maclae  of  Cathkin.  Having  received  a  liberal  education 
at  the  Grammar-school  and  University  of  Glasgow,  he  entered  upon  the 
business  of  calico-printing,  a  department  of  the  work  of  his  father's  esta- 
blishment. With  a  view  to  the  conduct  and  improvement  of  this  branch 
of  manufacture  he  early  devoted  himself  to  practical  chemistry,  and  in  1818 
and  18 ID  was  an  ardent  student  of  that  science  in  the  laboratory  of  Dr. 
Thomas  Thomson — at  that  time  one  of  the  few  laboratories,  if  not  the  onlj 
one  in  this  country,  in  which  analytical  research  was  systematically  prac- 
tised and  taught.  The  intimate  knowledge  of  chemistry  which  Mr.  Crum 
thus  acquired,  combined  with  hia  general  scientific  attainments*  enabled 
him  to  introduce  many  useful  improvements  into  his  own  business,  and 
thus  to  maintain  and  increase  the  excellence  of  its  mannfacturea.  As  an 
important  eiuimple  of  these  may  be  mentioned  the  well-known  process  of 
"orange  resist''  on  indigo,  which  was  invented  and  practised  for  five  yean 
by  Mr.  Crum  before  it  became  known  to  other  manufacturers. 

Mr.  Crum's  ability  as  a  chemical  analyst,  however,  gave  to  his  researches 
a  scientific  interest  and  a  value  beyond  that  which  belonged  to  their  mere 
practical  application ;  and  his  first  paper  on  the  Analysis  of  Indigo^  pub- 
lished in  1823  in  the  'Annals  of  Philosophy,'  established  his  reputation  as 
a  scientific  chemist,  and  brought  him  into  correspondence  with,  and  pro- 
cured for  him  the  friendship  of,  many  of  the  first  chemists  of  his  time, 
among  whom  may  be  mentioned,  as  the  most  intimate,  Thomson,  Faraday, 
Graham,  and  Licbig.  He  became  a  member  of  the  Koyal  Society  in 
February  1 811 .  His  other  scientific  papers  followed  in  succession  from  1 830 
to  1861 ;  almost  all  of  them  were  communicated  to  and  printed  in  the 
Proceedings  of  the  Philosophical  Society  of  Glasgow,  which  he  joined  in 
1834,  and  of  which  he  became  FTeaidnit  on  the  death  of  Dr.  Thomas 
Thomson  in  1852.  A  list  of  these  papers  is  subjoined;  several  of 
them  were  translated  into  German,  and  published  in  Liebig's  'Anoalen 
der  Chemie,'  as  in  vol.  Iv.  (1845),  vol,  Uii.  (1847)f  and  vol«  hozix. 

(18.V1). 

The  most  important  of  Mr.  Crum's  researches  are  those  relating  to 
indigo,  gun-cotton,  the  acetates  of  alumina,  and  the  dyeing  of  cotton-fibre. 
It  was  from  Mr*  Crum*s  analysis  of  sublimed  indigo  that  he  was  led  to 
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construct  the  formtilafor  that  substance,  which  is  now  universally  adopted. 
This  analy  is  was  made  at  a  time  when  accurate  organic  investigation 
iiivulvcd  niucli  greater  difficulty  and  the  exercise  of  higher  ingenuity  than, 
with  ijiebig's  method,  is  now  required;  and  althoii[r]i  Krdinnn  and  Dumas 
had  from  their  analysis  of  a  less  pure  suhsiance  deiluced  other  formulae, 
tlu  V  afterwards  confirmed  that  of  Mr.  Crum.  The  very  ingenious  method 
proposed  by  Mr.  Cruni  fur  ihe  analysis  of  nitrates  was  fomided  on  tlie 
conversion  of  the  nitric  acid  into  nitric  oxide  by  the  action  of  sulphuric 
acid  on  mercury.  He  applied  this  meUiud  to  determine  tii^  tjuanlity  of 
nitropcMi  in  gun-cotton.  Having  determined  the  carbon  by  combustion 
with  cliroiiiiile  of  lead,  he  was  led  to  the  formula  of  C,,  11,  0^  +  3  NO,  for 
the  most  explosive  gun-cotton — a  result  which  Las  recently  been  confirmed, 
after  the  most  rigorous  investigations,  by  Mr.  Abel  and  others,  and  it  is 
now  universally  accepted.  The  action  of  sulphuric  acid  and  mercury  on 
gun-cotton  led  Mr.  Crum' to  regard  the  litter  as  a  nitrate,  a  view  whieh, 
making  gun-cotton  analogous  to  nitric  ether,  was  long  opposed  by  nearly 
all  chemistSy  hat  Is  now  very  generally  adopted. 

Mr.  Cram's  investigation  of  the  acetates  of  alamina  is  very  able  and 
eomplete,  showing  the  preeipitating  action  of  verj  dilute  solutions  of 
Tarious  salts  on  solnhle  alumina,  in  the  same  manner  as  he  had  shown  such 
action  at  a  maeh  earlier  date  in  the  case  of  the  sulpho-indigotates  and 
sulpho-phcenicates.  His  papers  on  the  peroxide  of  copper  and  on  the 
action  of  nitric  acid  and  peroxide  of  lead  as  a  Tcry  delicate  test  ibr  man- 
ganese are  esteemed  Taluable  contribntions  to  analytical  chemistry. 

After  the  death  of  Br.  Thomson  in  1852,  Mr.  Cram  delivered  to  the 
Philosophical  Sodety  of  Glasgow  a  discourse  on  the  Life  and  Labours  of 
his  instractor,  in  which  he  dwelt  with  mach  feeling,  ability,  and  discrimi- 
nation on  the  varied  acquirements  and  contributions  to  science  of  that 
eminent  and  laborious  chemist, 

Mr.  Cram  was  remarkable  for  unbending  rectitude  of  purpose  and 
lore  of  truth,  for  great  acnteness  of  perception  and  decision  of  character ; 
and  bis  public  spirit  was  as  notable  as  his  perseverance  in  conducting  to 
a  soccessful  termination  whatever  he  undertook.  He  occupied  during 
many  years  a  high  place  in  public  estimation,  and  took  a  leading  part  in 
every  good  work  having  for  its  object  the  educational,  social,  or  fHoUtioal 
improvement  of  the  people. 

In  his  own  extensive  and  interesting  works  at  Thomliebank,  he  had  an 
ample  field  for  the  energetic  practical  development  of  his  sagadous  and 
benevolent  plans  for  the  moral  and  intelleetual  improvement  of  the  nume- 
rous workmen  in  his  employment.  For  upwards  of  forty  years  Mr.  Cram 
devoted  much  time  and  personal  effort  to  furthering  the  interests  of  An- 
derson's University  in  Glasgow,  of  which  he  vras  a  most  liberal  and  effec- 
tive patron  and  supporter.  His  election  to  the  Presidency  of  that  valu- 
able institution  gave  bim  ampbr  opportunity  for  indulging  bis  favourite 
desire  of  bringing  scientific  knowled^t  within  reach  of  the  artisan  and 
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the  general  public  lo  nuuiy  other  ways  he  oontributed  to  promote  the 
cftuse  of  popular  education, 

Mr.  Cruin*fl  character  was  marked  by  clear  intelligence  and  atrong 
practical  sagacity,  unbending  lore  of  truth  and  justice^  frank  lincerity, 
great  kindness  of  heart,  generosity,  and  actiTe  and  judicious  benerolenoe,  but 
so  unselfish  and  of  such  retiring  modesty  that  he  shrunk  from  the  slightest 
display.  Few  men  have  liTcd  more  usefully,  or  hare  died  more  esteemed  and 
regretted* 

Li$t  of  Papen  by  Mr,  Crum, 

1.  "Experiments and  Observations  on  Indigo,  and  on  certain  Substances 
which  are  produced  from  it  by  means  of  Sulphuric  Acid,'*  in  Annals  of 
Philosophy  for  1823. 

2.  <*  On  the  PrimitiTO  Colours,"  1830. 

3.  "On  Chlorimetiy,  and  a  New  Method  of  testing  weak  solutions  of 
Bleaehing-Powder,"  in  Proceedings  of  the  Philosophical  Society  of  Gksgow 
for  1841,  Tol.  i.  p.  17. 

4.  "  On  the  Manner  in  which  Cotton  unites  with  Colouring-Matter/* 

1843,  ibifi.  p.  98. 

5.  "On  the  supposed  influence  of  the  Moon  upon  the  Weather,"  1844» 
iM,  p.  243. 

6.  "  On  the  Action  of  Bleaching-Powder  on  the  Salts  of  Copper  and 
Lead/'  1845,  ibid.  vol.  ii.  p.  68. 

7.  "On  the  Artificial  Production  of  the  Potato-disease,"  1845,  ibid. 
p.90. 

8.  "  On  a  Method  for  the  Analysis  of  Bodies  containing  Nitiio  Acid 
and  its  application  to  Explosive  Cotton,"  1847i  ibid.  p.  163. 

9.  *'Chi  a  peculiar  fibre  of  Cotton  which  is  incapable  of  being  dycd»*' 
1849,  ibid.  vol.  iii.  p.  61. 

10.  "  Sketch  of  the  Life  and  Labours  of  Dr.  Thomas  Thomson,  F.R.8.," 
1852,  ibid.  p.  250. 

11.  "On  the  Acetates  and  other  Compounds  of  Alumma,"  ibid.  p.  298. 

12.  "  On  the  Stakctitic  Sulphate  of  Barytes  found  in  Derbyshire,"  1861, 
ibid.  Tol.  T.  p.  39. 

13.  In  1862  Mr.  Crum  gready  extended  his  previous  investigations, 
chemical  and  microscopical,  on  the  manner  in  which  cotton  unites  with 
colouring*matter,  and  on  a  peculiar  fibre  of  cotton  which  is  incapable  of 
being  dyed,  '^coton  mort,"  both  of  which  subjects  he  had  studied  very 
profoundly.  The  results  of  these  important  and  difficult  investigations^ 
illustrated  by  numerous  engravings,  were  published  in  the  Journal  oCthe 
Chemical  Society  for  1863. 

JoscPH  Edye  was  bom  at  Plymouth  Dock  (Devonport)  in  1 79 1 .  lie 
entered  the  Navy  in  1805,  and  served  as  secretary's  clerk  undt  r  Sir  Johii 
Duckworth,  on  board  the  Superb  in  the  action  off  St.  Domingo  (for  which 
he  in  afterlife  received  a  medal),  aud  also  on  board  the  Jioyal  George,  lOO 
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guns.  At  the  passage  of  the  Dardanelles.  He  attained  the  rank  of  Pay- 
master in  1811,  and  after  serrice  in  the  Eme  was  employed  as  Secretary 
in  1S23  and  1824  to  the  Hon.  Alexander  Cochrane  at  Plymouth,  from 
1824  to  1827  to  Lord  de  Saomaret  at  the  same  port,  and  from  1828 
to  1831  to  Sir  Pulteney  Malcolm  in  the  Mediterranean  during  the 
pacification  of  Greece  and  the  expulsion  of  the  Eg:yptians  from  the 
>forpa,  where  he  acted  as  British  Commissioner  at  the  headquarters  of 
Ibiahfun  Pasha,  in  concert  with  the  Commissioners  of  France  and  Russia, 
for  the  purpose  of  rescuing  from  slavery  about  2000  Grrrk  women  and 
children  fonrid  in  the  Ep:vptiau  camp,  on  ^liich  service  he  received  an 
injury  that  subjected  him  to  scscre  sull'cring  ior  tiie  rest  of  hi^  life.  He 
was  al>o  with  the  same  gaUant  commander  in  the  North  Sea  during  tlic  dc- 
moustration  inadu  on  the  Dutch  coast  in  ]>^'A'2  find  IH,'^,?  nt  the  sipn^p  of 
Antwerp.  From  1836  to  1839  he  was  with  8ir  Philip  Durbfim,  as  secre- 
tary at  Portsmouth,  and  from  183.9  to  1842  with  Sir  Graham  Moore  at 
Plymonth.  He  '^va^  ])laced  on  tlie  lialf-pay  of  a  secretary  in  18  13,  and  re- 
ceived aietler  ot  thanks  from  the  Admiralty  for  his  ini})or(ai)t  special  services 
as  Secretary  to  the  Commission  consisting  of  Sir  P.  Malcolm,  Sir  G.  Adams, 
and  Sir T.  M.  Hardy,  which  framed  the  laborious  production,  'The  Code  ot" 
Naval  Kc-2;idarlons  and  in  1865  he  was  nfjpointcil  Pa/mast«r*in-Chiel|  aud 
received  the  Greenwich  pension  for  his  past  service. 

Mr.  Edye  was  elected  a  Fellow  of  tlic  Royal  Society  in  January  1841, 
He  died  at  las  residence,  Stoke,  l)e\on[)oi  i,  Xovember  12,  1800,  leaving  a 
widow  and  one  son,  a  midshipman  lu  the  ISavy. 

Sir  George  Everest  was  born  at  Gwernvale  (Brecon),  the  seat  of  his 
father,  ^[r,  Tristram  Everest,  on  the  4th  of  July  1790.  In  his  early 
gtuaiis  at  Woolwich  he  made  such  progress  that  he  was  found  (piaiilied 
for  a  couiinission  before  the  aL'e  prescribed  by  the  regulations,  and 
was  iiMticed  by  tlic  Professor  ot  Mathematics,  Dr.  Huttou,  as  one  who 
Would  ustmguish  himself.  In  1806  the  young  cadet  sailed  for  India, 
witerc  he  entered  the  Bengal  Engineers,  and  after  seven  years'  service,  was 
sent  to  j  ) in  a  detachment  m  Java.  There  Lieut.  Everest  was  selected  by 
Sir  Siamford  Rnffl  s,  then  Governor,  to  make  a  survey  of  the  Island,  in 
which  lahofiuus  task  he  spent  two  year*,  and  afterwards  returiic  l  to  Ben- 
gal. He  was  next  employed  in  engineering  works  (improving  tliu  navi- 
gation of  the  outlets  of  tlic  Ganges),  and  though  apjiolntrd  Chief  A^isistant 
on  the  Great  TngoiuMiictrical  kSuivey  of  India  in  l^iJ,  he  rcuuuiicd  fur 
BoHic  months  in  liiudoostan  to  complete  the  establishment  of  a  line  of 
telegraphic  posts  from  Calcutta  to  Benares. 

In  1818  Captain  Everest  joined  the  party  under  Lieut. -Col.  Lambtuu, 
Superintendent  ot  tin  -Survey  at  the  headquarters,  Hydrabad.  Well  quali- 
fied for  this  appoiutuient  by  education  <iml  habit,,  he  entered  witli  ^ixut 
spirit  on  the  duties  by  which  his  name  has  become  noteworthy  in  the 
annals  of  Geodesy.    Before  that  survey  was  uadertakcu  the  topography  of 
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India  wiB  u  incorrect  as  it  was  ffcanty ;  there  ma  an  error  of  forty  milet 
in  the  breadth  of  the  peninrola  as  hiid  down  in  the  maps,  and  it  was  in 
consequence  of  a  resolution  of  the  East-India  Company  to  amend  this 
unsatufactory  state  of  things,  by  making  their  Atlas  depend  on  tfigoao* 
metrical  operation^  that  the  survey  was  commenced. 

Captain  Everest  wss  carrying  the  work  through  an  unhealthy  part  of 
the  Nismn's  territory  when,  in  1820,  his  heslth  failed,  and  he  was  ordered 
to  the  Cape  of  Good  Hope  to  recruit.  Here  he  employed  his  leisure  in  au 
examination  of  the  tract  of  country  in  which  La  CaiUe  measured  an  are  of 
the  meridian  in  1752 ;  and  in  a  letter  to  Colonel  Lambtou  he  reviewed  the 
drcumstances  under  which  the  measurement  had  been  made^and  pointed  out 
the  discrepancies  between  the  results  and  those  obtained  in  similar  opera- 
tions  in  the  northern  hemisphere.  This  letter,  printed  in  the  first  volume 
of  'Memoirs'  published  by  the  Astronomicid  Society,  led  eventually 
to  the  remeasurement  and  extension  of  La  Cailie's  arc  by  Sir  Thomas 
Madear. 

On  the  death  of  Colonel  Lambton  in  1823,  Captain  Everest  was  ap- 
pointed Supermtendent  of  the  Survey,  and  devoted  himself  earnestly  to  the 
work.  In  the  same  year  he  took  up  the  survey  where  his  predecessor  had 
left  it  in  the  valley  of  Berar,  and  extended  it  into  the  mountainous  tract 
on  the  north.  In  November  1824  he  measured  a  base-line  in  the  Seronj 
valley,  and  in  1825  had  carried  the  observations  on  to  Bhaorasa,  when 
his  health  again  gave  way,  and  he  was  compelled  to  seek  the  restoratiTe 
climate  of  his  native  land. 

Profiting  by  his  sojourn  in  England,  Captain  Everest  made  himself 
acquainted  with  new  scientific  results  bearing  on  his  special  pursuit.  He 
was  elected  a  Fellow  of  the  Boyal  Society  in  1827.  Part  of  his  time  was 
spent  in  drawing  up  an  account  of  the  progress  of  the  survey^  subsequent 
to  the  operations  recorded  by  Ijieut.-Col.  Lambton  in  the  *  Asiatic 
Researches,'*  which,  with  tables,  maps,  and  plans,  was  published  at  the 
cost  of  the  East-India  Company,  by  whose  authority  it  had  been  prepared. 
In  this  work,  among  the  many  scientific  details,  Captain  Everest  gives  a 
few  particulars  of  his  personal  adventures  in  the  carrying  on  of  the  work^ 
of  the  severe  measures  by  which  he  disciplmed  his  native  followers  and 
quelled  a  mutiny  among  them— of  separation  from  his  instruments  and 
provisions  by  sudden  floods — of  the  explorations  through  wild  jungles  in 
search  of  favourable  observing  stations— of  jouroejings  through  vast  and 
magnificent  forests  where,  more  to  be  dreaded  than  tiger  or  hysena,  lurked 
the  deadly  typhus  which  prostrated  him  and  his  whole  following.  For 
months  he  was  so  weak  that  he  had  to  be  supported  by  two  men  while 
taking  his  observations  at  the  great  theodolite,  and  could  not  reach  out  Iris 
hand  to  the  screw  of  the  vertical  circle  without  assistance ;  yet,  though 

•  An  account  of  the  measurement  of  an  arc  of  the  meridian  between  the  pirallols  of 
18^3'  and  24^  7\  being  a  oontiniuition  of  the  grand  meridional  arc  of  India,  a«  detailtxJl 
hy  tli0  late  Ideak-CoL  Lambton*  ^  LotuUnip  IBSKK 
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advised  (o  resort  to  the  coast,  lie  persevered  with  his  task,  having  a  couvic- 
tioQ  that  his  absence  would  be  fatal  to  its  prosecution. 

Colonel  Everest  returned  to  India  in  IhM),  enabled  to  rlT.  ct  improve- 
ments in  the  survey,  tor  he  had  made  himself  acquamtcd  with  the 
practice  of  the  Engiish  Ordnance  Survey,  and  with  the  best  method'?  em- 
ployed in  Geodesy  in  other  parts  of  Europe  ;  besides  which  the  Directors 
of  the  Kast-Iiidia  Coin^i^Liiy  hud  furnihlied  hiui  with  the  best  instruments 
that  could  then  be  constructed.  His  labours  and  responsibilities  were 
now  largely  iuurcused  ;  for  in  addition  to  las  post  as  Chief  of  the  Trigono- 
metrical  Survey,  he  had  been  appumlud  Surveyor-General  of  India.  In 
1832  he  resumed  operations  on  tlie  great  arc,  from  which  date  it  was 
diligently  carried  on  until  its  completion  in  December  1841  bj  the  remea- 
surement  of  the  Beder  base-line  by  Captain  Waugh  *. 

In  this  renewal  of  observations,  one  of  Colonel  Everest's  principal  diffi- 
culties was  the  training  of  assistnnts.  In  some  other  respects  the  fatigue 
and  risk  were  mitigated;  by  the  um;  of  proper  signal-lights,  the  surveying 
could  be  carried  on  at  night  and  during  the  hazy  period  of  the  hot  winds, 
\¥ hereby  the  parties  were  less  called  oi  lor  exposure  during  the  rainy 
season.  The  chief  himself  was  so  iuJclatigable,  that  his  contemporaries, 
playing  on  his  name,  were  accustomed  to  speak  of  him  as  Nenerrest, 
With  his  improved  instruments,  he  was  resolved  to  improve  the  Survey 
and  tolerate  no  inferiority  in  the  execution.  On  this  point  he  writes, 
**  If  I  have  had  any  reason  to  suspect  any  deftct  iu  the  instrument,  or  any 
instability  in  the  platform,  or  any  want  of  precision  in  tlie  signal  observed, 
or  even  if  I  have  found  in  drawing  up  the  angles  Lliat  iliey  |ir(  <^ented  any 
discrepancies  for  uhicli  I  could  not  account,  I  have  rd\va\  s  feU  not  uiily 
that  I  was  at  liberty,  but  thai  it  was  incunibeiit  on  nic  to  reject  the  whole 
set  bodily,  and  replace  it  by  an  entirely  new  set  of  angles  taken  under 
circumstaiices  free  from  objection." 

"With  these  concluding  operations  an  arc  of  meridian  more  than  twcuty- 
one  degrees  in  length  had  been  measured  by  the  two  persevering  chiefs  of 
the  Survey  and  their  assistants,  extending  from  Cape  Comorin  to  the  northern 
border  of  the  British  Possessions  in  India.  Colonel  Everest  had  speculated 
on  carrying  it  further,  beyond  the  Himalayas  and  across  the  wild  regions  to 
the  north,  until  it  struck  the  Rnwian  triangulation  within  the  dominions 
of  the  Czar.  An  arc  stretching  from  the  Indian  Ocean  to  the  Polar  Sea 
would,  indeed,  as  he  himidf  deieribes  it,  have  heen  "a  vaat  project." 

In  1843  he  quitted  India,  and  residing  thenceforward  in  EngUnd,  he 
brought  out  in  1847  his  great  hook  in  two  Tolnmes  quarto^  *  An  Acconnt 
of  the  Measurement  of  two  Sections  of  the  Meridional  Arc  of  India,  bounded 
by  the  paralleb  of  18^  3'  15" ;  24''  7'  11' ;  and  29*'  30'  48".'  In  this 
work,  published  also  at  the  cost  of  the  East-India  Company,  such  particu- 
lars are  set  forth  as  will  enaUe  a  scientific  observer  to  test  the  manner  of 
working  and  the  results  obtained,  and  full  explanations  are  given  of 
*  How  llD^or-Genenl  Sir  A.  Seott  Waiigh,  F JU9. 
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the  iogtnious  nMthodf  daviied  by  the  nitfaor  for  the  elunlnttkm 
of  error,  together  with  tables,  plans,  and  engrftvings  of  the  initraaests 
employed.  For  this  work,  and  the  long  leriet  of  opetatioiii  on  which 
it  wae  founded,  the  Royal  Astronomieid  Society  awarded  their  tefti* 
monial  (equivalent  to  a  medal)  to  Colonel  Everest  "  The  Oreat  Meri. 
dional  Are  of  India,"  said  Sir  John  Heriehel  in  preienting  the  teattmonial* 
"isa  tro])hy  of  which  any  nation,  or  any  government  of  the  world  ha?e 
reaion  to  be  proud,  and  will  be  one  of  the  most  enduring  monnmenta  of 
their  power  and  enlightened  regard  for  the  progress  of  human  knowledge." 

The  Asiatic  Society  of  Bengal,  on  completion  of  the  Survey,  elected 
Lieut.-Co!.  Everest  one  of  their  Honorary  MembetSt  with  an  appreciative 
eulogium  of  his  scientific  services.  He  was  a  Fellow  of  the  Astronomical 
and  of  the  Royal  Asiatic  and  the  Geographical  Societies.  Of  the  latter  he 
was  a  member  of  Council,  and  filled  the  office  of  Vice*P^dent.  He  wae 
knighted  and  made  C.B.  in  1 861.  His  scientific  writinge  are  comprised  in 
the  two  works  above  mentioned,  in  papers  on  subjects  connected  with  sur* 
vejrbg  published  in  'Asiatic  Researches'  and  in  the  'Memotn'  of  the 
Astronomical  Society,  and  in  a  letter  on  cer.tnia  computation  errors  dis- 
covered in  the  logarithm  tables  of  the  Oreat  Sur\  l}  ,  printed  in  the  '  Pro- 
ceedings* of  the  Royal  Society. 

In  1863-65,  Sir  George  Everest  served  on  the  Council  of  the  Royal 
Society.  He  died  in  London,  December  1,  1866.  His  name  liaving  been 
given  to  one  of  the  highest  summits  of  the  Himalayan  range»  will  long  be 
remembered  in  India. 

John  Good8iii»  Professor  of  Anatomy  In  the  University  of  Edinburgh 
from  1846  to  I667>  was  bom  in  the  year  1814,  at  Anstruther  in  Fife,  in 
which  county  his  father  and  grandfaUier  were  well  known  and  much  re- 
spected medicsl  practitioners. 

When  little  more  than  a  boy  he  was  sent  as  a  student  of  arte  to  the  Uni- 
versity of  St*  Andrews,  where  he  passed  through  the  curriculum,  but,  as 
was  the  custom  at  that  time,  without  taking  bis  degree.  At  this  early 
period  of  his  life  he  was  fond  of  the  study  of  metaphysics,  and  imbibed  the 
doctrines  of  Coleridge,  which  indeed  gave  a  colour  to  the  whole  of  his  sub- 
sequent thoughts  and  speeulations* 

Being  destined  to  follow  the  medical  profession,  he  was  apprentieed  to 
Mr.  Robert  Nasmyth,  the  eminent  Pentist  m  Edinbnigh,  and  during  his 
apprenticeship  pursued  his  medical  studies  in  the  Ut^versity  and  Royal 
Infirmary  In  that  city.  His  anatomical  teacher  was  Dr.  Knox,  and  in  his 
practical  rooms  he  made  the  acquaintance  of  Edward  Forbes,  which  soon 
ripened  into  friendship.  For  Forbes  and  Goodsir  had  tastes  in  common ; 
they  both  took  an  active  interest  in  watchug  the  habits  and  tracing  out  the 
structure  of  animals,  and  their  conjoint  researches  added  several  new  mem- 
bers to  the  British  fauna. 

When  he  had  obtained  the  Licence  of  the  Edtnbuigh  College  of  So^ 
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geons,  Mr.  Goodsir  returned  to  Anstruthcr,  where,  whilst  assisting  hia 
father  in  prftctice,  he  found  time  to  put^^ue  his  aiiatutaicui  uad  zoological 
studies,  and  in  1838  brought  before  the  British  Aflsociatiou  his  obserrationtt 
on  the  DcM  rlopnuMit  of  the  Teeth. 

Shortly  alttr  ihis  ho  returned  to  Edinburgh  to  lill  the  office  of  Cc  nser- 
rator  of  the  Museum  of  the  College  of  Surgeons,  for  the  duties  of  which  he 
was  well  adapted,  not  only  from  his  auiiLomical  knowledge,  but  from  his  skill 
in  preparing  .ind  disjil.iying  anatomical  and  pathological  specimens,  lie 
now  became  a  Member  of  the  Wernerian,  liotanicnl,  Medico- Chirurgical, 
and  Royal  Societies  of  Edinburgh,  and  communicated  to  their  Proceedings 
and  Transactions  numerous  memoirs,  which  rapidly  brought  him  into  notice 
as  an  industrious  and  keen  observer  of  animal  form  and  structure  in  both 
healthy  tnd  morbid  conditions.  Hii  well-known  papers  on  Sareina,  on  the 
■itttomy  of  AmphioxuM  lanceolatus,  on  secreting  iitructures,  and  on  the 
Btrocture  of  the  pUoenta  may  be  mentioned  as  examples  of  his  work  at  thia 
period. 

la  1842-43  he  dtlivered  lectures  at  the  College  of  Surgeons,  in  whidl 
he  enimdated  his  views  on  various  important  physiological  and  pathological 
pmceisei,  whicdi  were  iubsequmtly  incorporated,  along  with  some  obaar* 
vations  by  his  brother  Harry,  in  an  octavo  volume  published  in  1846.  In 
these  lectnrea  he  contended  that  the  nudeus  of  the  oeO  was  a  persistent 
element  of  the  textnres,  that  it  existed  even  within  the  hone*oorpns- 
des,  thai  it  played  a  moet  important  part  in  the  nutrition  of  the  textures, 
and  that  great  mnltiplieation  of  the  nudei  occurred  in  disease  of  eartikge, 
hone,  and  other  tiasnes. 

In  1844  he  was  appointed  Demonstrator  of  Anatomy  in  the  TJniversity 
to  Dr.  Bfonro  ierthut  and  on  the  resignation  of  that  gentleman  in  1846  he 
aneeeeded  him  in  the  Chair  of  Anatomy,  an  office  which  he  continued  to 
hold  until  his  death.  In  the  same  year  he  communicated  to  the  Philoso- 
phical Transactions  a  Memoir  on  the  Development  of  the  Suprarenal 
Thymni,  and  Thyroid  Glands,  and  was  elected  a  Fellow  of  the  Boyal 
Sodety. 

Mr.  Qoodsir  enjoyed  for  many  years  remarkable  success  at  a  teacher. 
He  gathered  together  a  large  number  of  students,  and  for  several  yean  the 
attendance  on  Us  class  numbered  between  300  and  400.  In  hia  Lectures 
on  Human  and  Comparative  Anatomy  he  did  not  satisfy  himself  with  giving 
A  mere  descriptire  aoeoont  of  the  various  structures  he  waa  called  on  to  eip 
pound,  but  he  pointed  out  the  relations  of  his  science  to  physiology,  patho- 
logy, histology,  morphology,  and  development  It  was  to  thia  mode  of 
iUnstrating  the  dry  details  of  anatomy,  more  perhaps  than  to  any  special 
faculty  for  exposition,  that  his  success  aa  a  teacher  was  due*  He  worked 
moat  aasidoonsly  at  Comparative  Anatomy,  and  by  hislabouia  the  coUectioa 
in  the  Anatomical  Museum  of  the  University  baa  been  very  kigely  increased^ 
partly  by  the  specimens  added  during  his  lifetime,  and  partly  by  the  pur- 
diase  of  hia  private  collection  since  his  decease.  In  1860  he  projected  and 
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edited  tlie  Annftb  of  Anatomy  and  Physiology  ;  but  as  hk  bealth  thoHlj 
afterwards  began  to  give  way,  the  journal^  after  tbree  nnmbeia  bad  been 
published,  waa  disoontmited.  In  1853  be  waa  obl^^ed  to  witbdraw  for  a 
year  from  actiTe  work ;  and  though  after  his  return  from  the  oontiBent  he 
reanmed  the  dntiea  of  bia  chair,  yet  be  bad  to  depute  mneb  of  the  work  he 
bad  at  one  time  performed  to  an  assistant.  He  still  contmued,  bowerer, 
bis  original  inYestigations,  and  in  1856  pnblisbed  a  series  of  memoinon  the 
morphology  of  the  skeleton*  The  mechanism  of  the  joints  also  attrscted  a 
large  share  of  bis  attention,  and  be  has  left  behind  bim  some  mannscrlpt 
essays  on  this  snbject  which  will  shortly  be  published  in  the  collected  edi- 
tion of  bis  writings.  The  paralytic  affection  from  which  be  suffered  gra^ 
dually  impured  the  vigour  of  bb  constitution.  At  the  dose  of  1866  he 
eoold  no  longer  attend  to  the  duties  of  his  dass,  and  be  died  at  Waidic,  a 
suburb  of  Edinburgh,  on  the  6th  of  March,  1867.  The  retired  life  be  bad 
led  for  many  years  before  bis  death  gave  bim  much  time  fi>r  private  study, 
and  bia  eztennve  knowledge  of  modern  languages,  as  well  as  the  excellent 
library  be  bad  collected,  made  bim  well  acquainted  with  the  progress  of 
anatomy  in  all  its  departments.  He  worked  at  bia  science  in  a  high-toned, 
philosophic,  and  moat  honourable  aplrit ;  and  in  bis  sdentific  and  personal 
relations  be  strove  to  be  candid  and  just  to  all  men. 

William  Oravatt  was  bom  at  Gravesend  in  1806.  His  father, 
Colonel  Gravatt,  having  been  appointed  Inspector  of  the  Royal  Military 
Academy,  settled  with  bis  family  at  Woolwich ;  and  here  William  Gravatt 
acquired  bis  first  practical  knowledge  in  military  and  civil  engineering.  He 
was  sent  in  due  time  to  the  establishment  of  Messrs.  Donkin  and  Co.  to  be 
prepared  for  bis  fbtitre  profession  of  civil  engineer,  and  soon  secured  the 
good  opinion  of  bis  mastera  as  well  aa  the  regard  of  bia  fellow  pupila. 
Duriag  his  engagement  with  Messrs.  Donkin  be  waa  employed  for  some 
time  at  the  Thames  Tunnel,  and  was  twice  instrumental  in  saving  the  lives 
of  men  who  were  working  there.  His  first  independent  employment  was 
in  1832,  when  be  was  appointed  Engineer  to  the  Calder  and  Hebble  Navi- 
gation at  Halifax.  In  1838  be  removed  to  London,  and  waa  elected  a  Pel- 
low  of  the  Royal  Society.  About  this  time  be  invented  the  level  which 
bears  bis  name,  and  introduced  the  system  of  reading  the  ataff  with 
the  telescope,  instead  of  trusting  to  the  staff-bearer--a  method  of  working 
which  has  long  superseded  all  other  modea  of  observation.  Mr.  Gravatt 
also  contrived  another  instrument,  which  be  called  a  Nadir,  of  great  value 
in  carrying  out  a  system  of  levels  in* cases  when  there  were  obstacles  to  the 
employment  of  a  regular  ataff  of  assistants.  When  M.  Scheuta  brought 
over  his  calculating  machine  to  this  country  in  November  1844,  Mr.  Gra- 
vatt announced  its  arrival  to  the  Royal  Society,  and  took  a  lively  btereat 
in  it.  He  further  undertook  to  explain  the  mechanism  and  operation  of  the 
machine  to  men  of  science  and  others  who  chose  to  inspect  it,  and  after- 
wards proccedttl  with  the  machine  to  Paris  for  the  same  purpose.  He 
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also  raperiiitended  the  pablication  of «  Tolame  of  Spedmen-TablM  calcu- 
lated and  printed  bj  its  ageacj.  In  1856  Mr.  Gravatt  read  to  the  Bojal 
Society  a  paper  npon  the  theofy  of  the  Oyroscope,  which  waa  at  that  time 
exciting  much  iateiest  in  the  aeientific  world*  Aboat  the  same  time  he 
pabliihed  a  short  pamphlet  upon  the  propnlaion  of  ships  by  means  of  a  jet 
of  water,  an  applioition  of  power  which  seems  now  likely  to  be  brought  into 
practical  use. 

Mr.  Graratt's  life  was  uafortanately  terminated  on  the  SOtfa  of  May, 
1866,  by  the  accidental  administration  of  an  exeessiTe  dose  of  morphia. 

Charles  James  Hargreave  was  horn  near  Leeds  in  December  1820. 
After  leaving  his  scliool  (Bramham  College)  he  distinguished  himself  at 
UniTersity  College,  London,  and  took  the  degree  of  LL.B.  with  hononrs 
in  the  University  of  London.  From  1843  to  1849  he  waa  Professor  of 
Jurisprodence  in  Unirersity  College,  Having  acqoired  a  high  repotation 
at  the  ec^uity  har,  he  was  appointed  in  1849  a  Commissioner  of  the  Incum* 
bered  Estates  Court  in  Ireland,  Those  who  know  the  nature  of  the  duties 
and  the  state  of  things  for  remedy  of  which  the  court  was  created,  will  be 
aware  that  a  singnlar  combination  of  legal  knowledge,  sound  judgment*  and 
imperturbable  temper  was  required.  All  were  found  in  Mr.  Hargreave,  as 
was  soon  seen  and  acknowledged.  The  condition  of  those  who  came  under 
the  jurisdiction  of  his  Cuurt  was  described,  we  believe  by  Mr.  Hargreave 
himself,  in  a  manner  which,  all  jokes  being  logical  fallacies,  has  no  worse 
£iult  than  the  sophism  of  a  part  for  the  whole.  He  said  that  punch  was 
BO  longer  known  in  Galway,  only  toddy  ;  for  whiskey  and  sugar  could  be 
got  on  credit  from  Dublin,  but  lemons  required  ready  money.  Of  himself, 
his  colleague  (Judge  Longfield)  wrote  as  follows  : — '*  It  may  be  said  that 
his  first  experience  in  a  court  of  justice  [he  had  been  a  conveyancer  and 
draughtsman]  was  to  preside  in  it  as  judge.  But  no  person  could  observe 
any  deficiency.  His  patience,  his  learning,  and  his  iropartiality'quickly  re- 
ceived the  respect  and  confidence  of  the  practitioners  in  his  court,  and  his 
mequailed  sweetness  of  temper  made  him  a  general  favourite.  . ;  •  •  But  he 
was  most  in  his  element  when  an  unusual  combination  of  circumstances  and 
complicated  deeds  seemed  to  produce  inextricable  confusion.  His  habits 
of  order  and  his  fine  mathematical  mind  at  once  arranged  the  rights  of 
the  parties  with  a  certainty  approaching  mathematical  demonstration.  He 
never  seemed  happier  than  when  he  was  engaged  in  a  subtle  mathematical 
analyaia  or  in  determining  the  rights  arising  from  a  deed  when  every  event 
occurred  except  those  contemplated  by  the  conveyancer  who  drew  the  iu- 
stniment.*' 

Judge  Hargreave  (so  entitled  from  1858,  when  the  court  v:rm  made  per- 
manent) died  at  Bray,  County  Wicklow,  April  23,  1866.  There  is  no 
doubt  that  his  constitution  was  destroyed  by  his  junction  of  two  severe  inteU 
Ueind  pnrsttits ;  and  there  is  too  much  reason  to  fear  that  the  excitement 
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of  his  last  effort,  presently  noticed,  wts  the  immediate  cnuse  of  his  death. 
He  became  a  Fellow  of  the  Roynl  Society  in  1844.  In  the  *  Trausactions ' 
for  1848,  1850,  1858  appear  his  papers  on  Differential  Equations,  on 
Linear  Equations  ot  DiffereniiaU  aiiJ  ul  DitYercnce§,  and  on  the  Problem  of 
Three  Bodies,  the  first  of  which  received  a  Royal  Medal.  His  other  com- 
municatious  are  to  the  Philosophical  Magazine,  1847-1864.  One  separate 
and  posthumous  work,  *  An  Essay  on  the  Resolution  of  Algehraic  Equa- 
tions,' 1  Stitl,  Svo  (printed  for  private  circulation),  demands  notice.  This  spe- 
culation especially  refers  to  t  (|uations  of  the  fifth  decree,  or  quintict.  Mr. 
Uargrcave  ijcUcvcd  himsrlf  to  liave  arrived  at  a  solution  in  the  same  sense 
and  manner  as  the  cubic  has  long  been  solved.  The  solution  of  the  cubic 
is  not  ([uite  pure.  An  exj)ression  having  nine  values,  or  three  triplets, 
gives  iu  each  triplet  the  three  roots  of  one  ot  three  cubics,  which  only 
differ  in  containins:  different  cube  roots  of  unity.  Mr.  Hargreave  alleges 
that  he  produces  five  similarly  associated  quintics,  of  which  the  five  quin- 
tuplets of  roots  cau  be  given  in  an  e\pi\>sion  of  the  25th  degree.  The 
complexity  of  the  analysis,  compared  with  that  of  a  quadratic,  is  pro- 
bably in  even  a  higher  ratio  than  the  complexities  of  the  diacrimmaidi 
(p.  9)  of  a  (jnintic  and  a  quadratic  ;  and  there  will  be  very  few  readers. 
The  result  cannot  yet  be  pronounced  upon  ;  but  assuredly  the  thought  and 
the  skill  employed  will  remain  the  subjects  of  lasting  admiration. 

His  old  teacher,  I^fr.  De  Morgan,  informs  us  that  the  most  remarkable 
point,  though  not  the  greatest,  about  Mr.  Hargreave  was  the  change  in  his 
handwriting.  From  sixteen  to  eighteen  years  ot  age  he  wrote  in  a  manner 
which  almost  required  a  micropcopp  to  dt  i'i|i]ifT  ;  his  examination-papers 
put  the  proof  of  the  binomial  theorem  mto  the  area  of  a  visiting  card.  Tie 
ciiii  i  Li  il  tt  oHi  his  legal  studies  with  a  rmmd  llomaa  hand  of  more  than 
average  size,  and  much  more  than  average  legibility. 

On  the  22nd  January,  18r>7,  died  at  Plymouth  Sir  M'illiam  Snow 
IIauuis,  Kt.,  in  his  seventy-fitlth  year.  He  was  the  only  son  of  Thomas 
Harris  of  Plymouth,  Solicitor,  whose  family  had  settled  in  that  town  as 
early  as  the  year  1600.  He  wns  ediK  ated  first  at  the  Grammar  School  at 
Plymouth,  after  which  he  enteied  the  medical  profession,  and  completed 
his  studies  in  E  imljurgh.  Harris  commenced  the  practice  of  his  pro- 
fession as  n  militia  surgeon,  and  afterwards  became  a  general  practitioner 
In  Pl\  niniuli ;  but  hia  love  of  science,  especially  of  electricityi  interfered 
with  his  practice. 

In  1820  he  inrentcd  n  system  of  lightning-conductors,  by  which  he 
hecarne  more  generally  known  than  by  his  discoveries.  This  system  had 
reference  chiefly  to  tlie  defence  of  the  Royal  Navy  from  the  destructive 
efTects  of  lightning,  and  its  peculiarity  consisted  in  permanently  fixing 
suflficiently  massive  copper  bands  in  the  masts,  and  in  leading  these  copper 
lines  along  the  ship's  timbers  to  the  copper  sheathing^  so  as  to  afford  the 
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required  security  at  all  times,  and  under  all  the  wiftble  circninttancef  in 

which  the  ship  inigbt  be  placed. 

In  1824  Harris  married  the  eldest  daughter  of  Richard  Thome,  Esq., 
of  Pilton,  North  Devon,  and  from  this  time  he  chiefly  devoted  himself  to 
the  cultivation  of  electrical  science.  The  earlier  results  of  his  study  at  this 
period  were  for  the  most  part  laid  before  the  Royal  Society  of  Edinburgh 
in  a  series  of  papers,  the  first  of  which,  entitled  "Experimental  Inqui- 
ries concerning  the  Laws  of  Magnetic  Forces,*'  appeared  in  the  *  Trans- 
actions'  in  1829;  hut  the  paper  is  dated  Plymouth,  July  1,  1827.  It 
contains  an  account  of  the  hydrostatic  magnetometer.  The  second 
paper,  **  On  a  new  Electrometer,  and  the  heat  excited  in  metallic  bodies 
by  Voltflic  Electricity,"  is  dated  May  fith,  1831.  The  third  paper,  dated 
April  5th,  1833,  is  ''On  the  Investigation  of  Magnetic  Intensity  by  the 
Oscillations  of  the  Horizontal  Needle."  By  this  time  the  author  had  been 
elected  a  Fellow  of  both  the  London  and  Edinburgh  Royal  Societies. 

The  bent  of  Harris's  mind  for  improving  and  constructing  electrical 
inttmmenta  is  shown  nt  this  early  period.  Indeed  his  connexion  with  the 
Royal  Society  was  in  a  great  measure  due  to  this  cause.  The  President, 
Sir  Humphry  Davy,  baying  been  attracted  by  bis  electrical  thermometer, 
invited  him  to  gtie  an  aeoount  of  it  to  the  Society,  which  he  did  in  1826  ; 
and  his  first  paper  appeared  in  the  Philosophical  Transactions  under  the 
foUoving  title:  "On  the  relative  powers  of  various  metallic  substanoes 
as  conductors  of  £lectrieitj," 

Harris's  researches  on  some  of  the  elementary  laws  of  electricity  ap- 
peared in  the  Philosophical  Transactions  in  1834,  1836,  and  1839»  and 
tbey  display  in  a  striking  manner  the  author*s  ingenuity  and  delicate  mani- 
pulative skill.  He  was  not  satisfied  with  the  attainment  of  his  end  by 
any  means,  but  the  means  themselves  were  the  subject  of  long  and  patient 
tboogfat  and  repeated  trials,  nntil  the  best  means  possible  under  the  cir- 
eamstancea  had  been  hit  upon.  This  care  in  the  selection  and  improve- 
ment of  apparatus  might  seem  to  an  ordinary  observer  to  be  often  super- 
fluous, but  it  led  to  success,  and  to  the  thorough  understanding  of  the 
conditions  of  success;  so  that  the  ultimate  failure  of  an  experiment  in 
Harris's  hands  became  next  to  impossible.  But  with  all  thia  love  of  ap- 
paratus, and  of  its  minute  details,  Harris  had  none  of  the  spirit  of  a  mere 
mechanical  artist ;  he  knew  that  the  best  instrument  does  the  best  work 
onlj  under  the  guidance  of  the  best  mind.  But  Harris's  ingenuity  was  by 
no  means  confined  to  his  apparatus.  There  was  not  a  room  in  his  house, 
from  the  attic  to  the  kitchen,  that  did  not  bear  marks  of  an  original  mind, 
lie  converted  the  ceiling  of  his  children's  nursery  into  a  planetarium,  and 
the  floor  into  a  compass  card.  He  did  not  disdain  to  invent  a  child's  toy. 
or  to  rectify  a  defect  in  his  ingenious  kitchen  ran{^. 

In  1835  the  Copley  Medal,  the  "  olive  crown  "  of  the  Royal  Society,  as 
Davy  loved  to  call  it,  was  bestowed  on  Harris  in  recognition  of  the  value 
of  his  papers  on  the  laws  of  electrid^  of  high  tension.    In  1839  his 
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"  Inquiries  concerning  the  Elementary  Laws  of  Electricity  "  formed  the 
subject  of  tlie  Bakerian  Lecture. 

In  the  midst  of  these  researches  concerning  the  general  doctrines  of 
electricity,  Harris  had  never  ceased  to  labour  at  the  practical  question  of 
the  protection  of  ships  from  lightning.  Erroneous  views  on  the  subject  were 
then  common;  highly  educated  men  and  naval  officers  were  found  to 
affirm  that  lightning-conductors  did  more  harm  than  good;  that  they 
attracted  lighting  to  the  structure  they  were  intended  to  protect,  and  more 
to  the  like  effect.  A  mixed  commission  of  naval  and  scientific  men  was  at 
length  appointed  by  Government  to  take  the  whole  subject  under  review. 
The  committee  met  several  times  in  the  rooms  of  the  Royal  Society  at  Somer- 
set House,  and  Harris  was  called  upon  to  give  his  evidence.  Dr.  Wollaston 
took  great  interest  in  the  ioquiry,  and  was  present  during  Harris's  experi- 
ments, which  were  so  satisfactory  that  the  committee  earnestly  recom- 
mended his  system  for  general  adoption  in  the  Royal  Navy.  Still,  how- 
ever, he  had  much  opposition  to  contend  with.  TVial  had  been  made  of 
his  conductors  in  the  case  of  ten  ships  sent  to  various  parts  of  the  world, 
and  experience  had  fully  proved  their  value,  yet  an  order  was  given  (or 
threatened)  for  the  removal  of  the  conductors  from  each  ship  as  soon  as 
it  came  into  dock.  But  in  the  mean  time  the  protective  effects  of  his 
system  were  so  strikingly  exhibited  on  shore,  that  the  order  above  referred 
to  was  never  carried  out.  Some  granite  chimneys  in  the  victualling-yard 
at  Devonport  were  in  the  course  of  being  fitted  with  the  conductors.  In 
the  case  of  one  chimney  the  fittings  were  completed,  in  the  other  the 
work  was  delayed  in  consequence  of  some  adverse  order.  A  storm  passed 
over  Plymouth,  the  protected  chimney  was  unhurt,  the  unprotected  one 
was  struck  and  rent  asunder. 

Harris's  conductors  now  began  to  find  favour  at  the  Admiralty,  and  the 
scientific  discoveries  of  their  inventor  were  at  length  recognised  in  the 
same  quarter,  so  that  he  was  recommended  to  the  Government  as  worthy 
of  an  annuity  of  ^6300  "  in  consideration  of  services  iu  the  cultivation  of 
science.**  Prejudices  against  his  system,  however,  lingered  in  the  minds 
of  naval  men  and  others,  and  in  order  to  remove  them  Harris  published 
in  1843  his  well-known  work  on  '  Thunder  Storms.'  He  endeavoured  also^ 
in  papers  m  the  Nautical  Magasine  and  in  separate  pamphlets,  to  spread  in- 
formation concerning  damage  by  lightning.  He  was  always  on  the  watch 
for  an  illustrative  example,  and  once  he  got  the  trace,  never  gave  it  up  until 
he  had  tracked  it  to  the  ship's  l(^  deposited  in  Somerset  Honse,  or  obtained 
an  account  from  the  captain  or  one  of  the  officers  of  the  ship  that  had  been 
struck.  Accounts  of  such  casees,  in  the  form  of  letters  or  pamphlets, 
he  caused  to  be  circulated  among  persons  in  authority,  indndmg  the 
various  foreign  ambassadors;  and  it  may  be  mentioned  that  Harris's 
system  was  adopted  in  the  Russian  Navy  before  it  was  fully  admitted  into 
our  own.  In  1845  the  Emperor  presented  Harris  with  a  valuable  ring  and 
a  superb  vase^  m  acknowledgment  of  the  merits  of  his  system. 
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At  1(  iigth  all  difficulties  in  the  way  of  his  lon2:-cherished  object  were 
ovcrc  oirc.  The  various  objections  to  his  conductors  had  been  met,  the 
merits  of  his  system  were  clearly  understood,  and  its  adoption  in  the  Hojral 
Navy  was  secured.  It  ^vas  then  also  felt  that  some  further  public  recogni- 
tion  was  due  of  the  benefit  thus  conferred  ou  the  Naval  force  and  mari- 
time industry  of  this  country  and  the  world.  Accordingly,  in  1817  the 
honour  of  knighthood  was  conferred  upon  him,  and  soon  afterwards  a 
grant  of  .^'5000  was  inndc  to  him  by  Government,  in  consideration  of  his 
public  services.  In  1850  he  was  elected  an  Honorary  Member  of  the  Naral 
Chib  at  Plymouth,  and  in  185  I  of  the  Royal  Yacht  Club  at  Cowcs,  as  an 
especial  acknowledgment  of  his  services  to  the  Royal  Navy.  Nothing 
could  be  more  con^rf  iiial  to  his  tastes,  for  he  was  always  more  of  a  sailor 
than  a  landsman,  lie  had  a  yacht  of  his  own,  and  was  never  tired  of 
exercising  it ;  but  he  loved  to  be  on  the  sea  in  whatever  craft. 

In  the  midst  of  his  nmltiplied  engagements  Sir  "William  did  not  forget 
the  claims  of  elementary  instruction  in  science.  The  Manuals  of  Elec- 
tricity, Magnetism,  and  Galvanism  published  in  Weale's  "  Rudimentary 
Series,"  and  which  had  a  Urge  sale,  testify  to  the  activity  of  his  mind  in 
this  direction. 

Harris's  sympathies  were  with  the  Bennetts,  the  Cavendishes,  the 
Singers,  the  Voltas  of  a  past  age;  Frictional  electricity  was  liis  forte,  and 
the  source  of  his  triumphs.  He  was  bewildered  and  dazzled  by  the  elec- 
trical development  of  the  present  day,  and  almost  shut  his  eyes  to  it.  He 
was  attached  too  closely  and  exclusively  to  the  old  school  of  science  to 
feooginize  the  broad  and  sweeping  advance  of  the  new.  He  was  not  con- 
scions  even  of  being  behind  his  age  when  he  presented  to  the  Royal  Society 
in  1861  an  elaborate  paper  on  an  improved  form  of  Bennctt^s  discharger, 
and  still  less  in  1864,  when  he  discussed  the  laws  of  electrical  distribu- 
tion, and  still  relied  upon  the  Leyden  jar  and  the  unit-jar. 

Although  Sir  \V.  Harris's  powers  as  a  scientific  inquirer  cannot  be 
reckoued  as  on  a  par  with  those  of  some  of  his  great  contemjioraries,  he 
was  highly  ingenious  and  inventive,  a  clear  thinker,  and  a  suggestive 
writer.  He  did  his  work  well,  and  left  his  mark  on  the  science  of  his 
day  ;  and  while  some  of  his  labours  will  be  forgotten  and  others  be  ab- 
sorbed and  blended  with  the  branch  of  physical  science  that  he  cultivated, 
still  there  are  many  points  in  Harris's  character  as  a  man,  and  in  his 
habits  as  a  philosopher,  which  will  be  dwelt  on  with  pleasure  and  profit. 

In  August  1861,  on  returning  from  an  excursion  in  his  yacht.  Sir  AVil- 
Kam  was  seized  with  a  painful  disease  of  the  eyes  (iritis),  which  did  not 
jieki  to  medical  treatment  during  some  months.  He  was  confined  to  the 
home  until  the  following  May.  In  the  autumn  of  1862,  in  consequence 
eC  a  retom  of  the  malady,  he  underwent  two  painful  operations ;  but  the 
leialt  CTentually  was,  that  he  lost  the  sight  of  one  eye,  and  found  the 
▼isaon  of  the  other  much  impaired,  and  his  general  health  weakened. 

ReeoTcring»  however,  in  6ome  measure,  from  this  trying  illness,  he  he- 
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eame  most  anxious  to  complete  a  work  tlie  materials  for  which  had  been 
accumulating  during  a  series  of  years.  This  was  a  complete  Treatise  on 
Frictional  Electricity,  to  vrhich  he  iuu  uJl  J  lu  add  biographical  notices  of 
the  leading  electricians  of  the  past.  Ue  had  idso  prepared  a  niinutc  ac- 
count of  the  history  of  the  Lf  vden  jar.  The  first  portion  of  this  work  was 
completed,  under  the  supervision  of  the  auilior,  at  the  close  of  1866,  when 
Sir  William  Nvas  seixed  with  his  last  illness,  which  ended  fatally  on  the 
evening  of  the  22nd  January  1807.  He  bore  his  sad  calamity  during  rtve 
years  and  a  half  with  the  greatest  patience^  calmness,  and  fortitude,  and  was 
never  heard  to  murmur. 

Dr.  William  IIknhy  Harvky  was  bom  near  Liuierick,  on  Februnrv 
1814.  Educated  at  Ballitore  Seliool,  Kildare,  his  youth  was  sj)eut  id  ins 
father's  othee  at  Luncrick  ;  but  a  love  of  natural  history  very  early  deve- 
loped itself,  and  even  ^vllll<'  engaged  in  business  he  found  time  to  pursue 
botanical  studies  with  ardour  and  success,  contributing  in  18.'J2and  1S34 
articles  on  "AlgEc"  to  Sir  William  Hooker's  *  Britisli  Mora,*  to  tliC 
*  Botany  of  Beechey's  Voyage,'  and  to  Maekay's  *  Flora  ilibernica.' 

His  scientific  zeal  led  him  ia  iS'S^  to  Rccompany  his  brother  to  the 
Cnpc  of  Good  Hope,  to  which  colony  the  latter  had  been  ajipointed  Trea- 
surer and  Kegistrar-General.  The  results  of  his  botanical  studies  durmij 
his  stay  there  he  embodied  in  iiMinerous  contributions  to  j)eriodical  litera- 
ture, and  in  his  '  Genera  of  Simtli  African  Plants,'  a  work  the  second  edi- 
tion of  which  was  nearly  tljuK  at  the  time  of  his  death.  He  came  home 
from  the  Cape  in  1S39,  but  returned  again  in  the  following  yew  to  fill  the 
place  of  his  brother,  who  had  died  on  the  voyage  home. 

In  1844  he  returned  to  Ireland  upon  being  appointed  Keeper  of  the  Her- 
barium to  the  University  of  Dublin.  lie  also  received  the  honorary  degree 
of  Ml),  of  that  University,  and  was  soon  after  elected  Professor  of  Botany 
to  the  Royal  Dublin  Society.  His  botanical  zeal  and  energy  manifested 
itself  by  the  commencement,  in  1845,  of  the  publication  of  his  *  Phycologia 
Britannica,*  a  magnificent  work,  the  numerous  pUtes  of  which  were  drawn, 
lithographed,  and  coloured  by  himself. 

Upon  the  occasion  of  being  invited,  to  deliver  a  course  of  lectures  on 
Algae  before  the  Lowell  Institute,  Boston,  U.S.,  he  travelled  in  North 
America  during  1849-50,  carefully  exploring  the  coast  from  Halifax  to 
the  Keys  of  Florida,  and  collecting  material  for  a  large  work,  the  '  Neieis 
Boreali-Americana,*  which  was  published  by  the  Smithsonian  Institute. 
During  1853-56  he  made  a  long  tour  in  the  Southern  Hemisphere,  the 
Uni?ersity  of  Dublin  continuing  to  grant  him  his  full  salary,  and  Professor 
Allman  delivering  hia  lectures  to  the  lloyal  Dublin  Society.  Visiting 
Ceylon,  Australia,  Tasmania,  New  Zealand,  the  Friendly  and  the  Fiji 
Islands*  he  uifettigated  and  collected  the  algsc  of  these  countries,  and  on 
hia  retuni  home  published  a  part  of  hia  rciults  in  hia  '  Aiyoologia  Aus- 
tralia/ 
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In  1859  he  commenced,  in  conjunction  with  Dr.  Soiider  and  with  the 
assistaiu't  ot  rlie  (  ape  ' rovernnient,  a  complete  description  ol  the  flowering 
p!ant>  ;uii]  terns  ot  South  Atricn,  in  a  work  entitled  Flora  Capcnsis,"  the 
chiet  share  in  the  labour  of  whieli  fill  to  Dr.  Harvey.  As  a  coinpaiiion 
to  this  he  also  commenced  aseries  ut  illustrations  under  tiie  title  ^'Thesaurus 
Capensis."    Nehher  of  these  works  did  he  Hve  to  see  c»)m]-lrted. 

In  185G,  the  Chair  of  Botany  in  the  University  of  Dubini  becoming  va- 
cant through  the  removal  of  l*rofesf^or  Allman  to  Lkiiuburgh,  Harvey  was 
chosen  to  fdl  it,  and  about  the  same  time  he  was  appointed  lecturer  at  the 
Irish  Museum  of  Industry. 

Unhappily  his  unceasincr  hibour^  began  to  tell  upon  his  health;  and 
though  he  recovered  from  a  severe  illness  which  prostrated  him  iu  1861, 
his  condition  in  1864  became  so  alarming  that  he  was  obliged  to  pass  the  < 
following  winter  and  sprino:  in  the  south  of  France.  The  improvement  he 
experienced  tliere  was,  however,  but  temporary;  and  after  another  ^yiulc^ 
■pent  at  Dublin  in  painful  attempts  to  finish  the  works  be  had  b^iin«  ho 
removed  toTon|uay,  where  he  died,  iNfay  1.5,  1866. 

He  WRS  thi!'?  cut  off  before  he  could  receive  the  full  acknowledgment 
of  hi?  ii:a!iy  si  rviees  to  science.  He  had,  however,  achieved  a  great  repu- 
tation as  a  botauisf,  and  on  his  own  cs])ccial  subject  of  Algaj  he  was  admitted 
to  bp  the  first  authority.  He  was  an  nernrate  and  eareful  observer;  the 
nuiiMTOUS  illnstrMtions,  all  drawn  and  lithographed,  and  many  coloured,  by 
his  own  hand,  are  evidence  that  he  spared  no  i)ains  to  make  his  woriis 
trustworthy  and  sure,  while  the  personal  expense  and  risk  to  which  he  ex- 
posed himself  both  in  his  exploring  expeditions  and  in  hi>^  literary  under- 
takiues,  testify  to  his  devotion  in  ■^eieuce.  He  was  as  modest  as  he  was 
ijit  r:i<>ri()us,  and  hU  personal  character  endeared  him  greatly  to  his  frieuda. 
His  eiectiou  to  the  Koyal  Society  is  dated  JuueS^  1S64. 

Percival  Norton  Johnson  died  on  the  1st  of  June,  ISOG,  aged  73. 
He  was  the  ordy  son  of  John  Johnson,  at  one  time  the  only  commercial 
assaver  in  London  ;  and  after  working  with  his  father  for  some  years,  he 
established  hnnself  in  Ilattou  Garden  half  a  century  ago. 

He  rapidly  rose  to  the  highest  eminence  as  an  assa\er  and  metallurgist; 
and  his  opiiuun  was  so  mnclt  sought  after  that  he  could  hardly  get  tlirough 
the  work  which  crowded  upon  liira. 

It  is  not  a  little  remarkable  tliat  the  extreme  accuracy  of  his  assays  was 
iiin  li  ,1  L^roiind  of  objection  to  them.  He  for  tin  lirst  lime  reported  the 
exact  amount  of  gold  and  silver  in  the  s|)ecimeiis  submitted,  whereas,  before, 
thf*  fiuantilies  had  only  been  stated  approximately  ;  and  this  was  not 
rt  li-hed  by  the  buyers  of  bullion,  inasmuch  as  contingent  advantufres  in  l)uy- 
ing  upon  exactly  known  value  were  not  so  great.  Upon  this  being  lepi  csentcd 
to  him  by  the  merchants,  lie  nt  oik  e  ^tftted  that  he  was  willing,  if  required,  to 
purchase  all  bars  upou  his  own  assays  ;  and  this  was  the  reason  of  bis  taking 
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up  the  refining  business,  in  wliii  h  ho  so  largely  and  successfully  engaged. 
His  ability  in  this  (as  in  all  other  brnnchcs  that  he  entered  upon)  was  soon 
recognized  publicly  ;  and  when  the  gold  bars  from  tlie  Brazilian  "  Gongo 
Soco"  mines,  which  came  over  in  very  large  qimniuits,  were  refused  at  the 
Mint  on  account  of  brittlcness,  he  was  consulted  on  the  matter,  and  under- 
took to  refine  and  toughen  them,  in  which  he  perfectly  succeeded. 

It  was  in  this  gold  that  he  discovered  the  existence  of  pal i ad i inn  ;  and 
having  succeeded  in  its  separation,  he  introduced  it  commercially,  at  oiicc 
determining  and  making  known  the  best  uses  towliicli  it  could  be  api»Iied. 

After  he  had  been  in  business  some  years  he  visited  GiTinany,  and  was 
much  interested  in  mining  operations  there,  to  which  he  gave  special  atten- 
tion. It  was  at  this  time  that  he  met  with  the  com])()iiiid  alloy  calkd 
**  German  silver,"  then  in  a  very  crude  state  of  manufacture,  ile  brought 
over  with  him  some  of  the  metal,  analyzed  it,  and  upon  the  basis  of  his 
analysis  he  commenced  and  rnvrir d  nu  its  innnnfacturc,  and  introduced  it 
to  general  use,  laying  the  foundation  of  the  enormous  business  which  baa 
since  arisen  in  this  branch  of  metallurgy. 

Al)ijut  this  time  he  was  much  engaged  in  mining  pursuits,  and  was  con- 
sulted upon,  and  visited  professionally,  nearly  all  t!ie  miues  in  England, 
Wales,  Scotland,  and  Ireland,  and  many  important  ones  abroad.  lie  was  the 
first  to  introduce  into  Cornwall  the  German  shaking-,  jigging-,  and  washing- 
table,  T.\  itli  iin]H)rtant  improvements  of  his  own.  lie  will  always  be  remem- 
bered thi  uiiLdiont  the  mining  districts  for  his  great  kindness  and  considern- 
ti(t:i  toward  the  miners,  whose  social  condition  it  was  his  constant  aim  to 
improve.  At  great  expense  to  himself,  he  erected  schools  in  the  neigh- 
bourhood of  the  nuiics,  and  took  an  active  part  in  their  supervision.  He 
also  used  his  utmost  end*  :u  ours  to  alleviate  the  toil  of  the  workmen  in 
ascending  and  descenduig  mines,  and  with  this  view  he,  at  the  Tamar 
mines,  made  the  exjjerimcnt  of  a  slopinc:  gallery,  whic  h  ran  for  a  consider- 
able distance  utidcr  the  river,  by  win  eh  means  the  miners  could  walk  up 
and  down  without  tiie  use  of  a  ladder. 

Amongst  his  many  inventions  of  less  note  may  be  mentioned  several  pot- 
tery colours,  amongst  them  the  *' rose-piiik,*'  at  a  time  wheu  that  colour 
was  much  wanted  in  the  potteries. 

His  greatest  success,  however,  and  that  which  has  proved  the  most 
valuable  to  the  j)rogress  of  chemistry  and  manufacture  generally,  was  the 
platinum  business.  To  him  undoubtedly  belongs  the  credit  of  having  beeo 
the  first  who  successfully  refined  and  manufactured  platinum  upon  a  com- 
mercial scale,  and  introduced  it  for  the  important  purposes  to  which  it  is 
specially  adapted.  The  first  large  and  perfect  sheet  of  pure  platiDum  erer 
produced  was  made  by  Mr.  Johnson  at  79  Hatton  Grarden ;  and,  seeiog 
the  immense  importance  of  the  metal,  lie  ever  smoe  made  it  bis  spe- 
ciality. 

His  eminence  as  an  analyst  should  also  be  noticed ;  so  g;reat  was  it,  that 
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the  odIj  other  commercial  assayers  iu  London,  Ihongh  his  rivals,  used  to 
send  him  all  compounds  or  minerali  of  a  difficult  and  complicated  nature 
to  report  upon  for  them. 

Accomplbhed  as  he  was  in  his  department,  and  singularly  successfol  in 
perfecting  whatever  he  undertook,  his  opinion  was  always  sought  for  with 
earnestness  and  received  \\ith  coiifuleiice.  Few  men  have  worked  more 
perseveringly  and  eflFectively  for  the  improvement  of  their  profession. 

Mr.  Johnson  was  elected  a  Fellow  of  the  Royal  Society  on  April  30^ 
1846. 

The  life  of  Sir  William  Lawrence,  Bart.,  closed  on  the  5th  of  last 
July.  He  had  nearly  completed  his  84th  year.  Not  more  than  two  years 
before  his  death  he  resigned  his  active  duties  at  St.  Bartholomew's  Ho»- 
pital.  but  even  then  he  did  not  cease  from  work,  and  was  attacked  with 
apoplexy  just  previous  to  an  examination  at  the  College  of  Surgeons. 

Lawrence,  the  son  of  a  surgeon,  was  born  on  the  Itith  of  July,  1783,  at 
Cirencester,  in  Gloucestershire.  After  receiving  a  preliminary  education 
at  a  private  school,  in  his  seventeenth  year  he  came  to  London,  and  was 
apprenticed  to  Abemelhy,  in  whose  house  he  resided  for  five  years.  But 
at  the  expiration  of  three  years,  being  then  only  twenty,  he  was  appointed 
Demonstrator  of  Anatomy  at  St.  Bartholomew's  IIos[)ital.  He  discharged 
the  duties  of  this  office  with  remarkable  ability  for  twelve  years.  When 
twenty-two,  he  received  the  diploma  of  the  Boyal  College  of  Surgeons* 
Eight  years  afterwards  he  was  appointed  Assistaut-surgeou  to  St.  Bartho- 
lomew's Hospital,  and  eleven  years  later  still  he  became  one  of  the  ])rincipal 
•uigeons.  lie  held  this  office  for  more  than  forty  years,  and  when  he 
retired  in  1S65,  he  was  nnanimoasly  elected  by  the  Governors  to  the  com-* 
pUmentary  office  of  Consulting  Surgeon.  Thus  from  first  to  last  he  was 
connected  with  the  hospital  for  sixty-eight  years. 

It  is  well  known  that  at  the  early  period  of  his  life  he  worked  very  hard 
without  interruption,  as  indeed  he  did  almost  to  the  last.  Besides  dis- 
charging his  public  duties  with  rare  efficiency,  he  read  very  much  and 
wrote  too.  At  eighteen  years  of  age  he  published  an  anonymous  transla- 
tion of  a  Latin  work — Description  of  the  arteries  of  the  human  body,  by 
Dr.  Ad.  Murray,  Professor  at  the  University  of  Upsal.  In  his  twenty- 
sixth  year  he  obtained  the  Jacksonian  Prize  for  an  essay  on  Hernia.  This 
was  the  foundation  of  his  important  book  on  the  subject,  which  went 
through  five  editions.  Lawrence  on  Euptures  lias  been  for  many  years 
past,  and  will  be  for  many  years  to  come,  a  standiird  work  on  the  subject 
of  which  it  treats.  It  U  remarkable,  not  only  for  the  thoroughly  good 
Bnglish  in  which  it  is  written,  and  for  clearness  nnd  justness  of  thought^ 
but  for  the  mastery  of  the  subject  which  it  exhibits,  and  for  widely  ex- 
tended nnd  accurate  research. 

In  the  year  he  obtained  the  Jacksonian  prize,  he  published  a  translation 
of  Blumenbach's  Comparative  Anatomy.  About  the  same  time  appeared 
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his  paper  on  Fungus  of  the  Testis.  The  novel  pbn  of  treatnteiit  theieia 
proposed  wes  generally  aecepted  and  adopted  for  many  yean. 

In  1814  he  was  appointed  Surgeon  to  the  London  Infirmary  for  Diseaaes 
of  the  Eye,  now  called  the  Royal  London  Ophthalmie  Hospital,  and  in  the 
foUowing  year  surgeon  to  the  Royal  Hospitals  of  Bethlehem  and  Bridewell. 
These  offioes  he  held  for  many  years*  He  devoted  a  very  large  share  of 
his  attention  to  the  study  of  diseases  of  the  eye»  and  in  1833»  after  many 
years  of  patient  observation  and  reflection,  he  produced  his  celebrated  trea> 
tise  on  the  subject,  having  previously  (in  1850)  published  a  smalls  volume 
on  syphilitic  diseases  of  the  eye.  A  comprehensive  work,  written  with  all 
the  ftbility  aud  skill  which  characterized  his  work  on  Hernia,  it  may  be 
said  to  have  marked  an  epoch  iu  uphthahiiic  surgery.  It  was  translated 
into  many  languages,  a  portion  of  it  oven  into  Arabic,  and  went  liirough 
many  editions  in  English.  The  la^t  wa^i  pubhshed  m  Philadelphia  in 
1854. 

In  1813  he  was  elected  a  1  cliow  of  the  lloyal  Society,  and  snbsequently 
nominated  a  Vice-President.  But  it  does  not  appear  that  he  ever  contri- 
buted any  paper. 

In  1815  Lawrence  was  appointed  Professor  of  Anatomy  and  Surg:erT  to 
the  Collej^e  of  Surgeons.  There,  durinu;  the  years  181G,  1817,  and  1S18, 
he  delivered  those  famous  lectures  on  Comparative  AnatoTjiy,  Physiology, 
Zoology,  and  the  Natural  History  of  Man,  which  astoiusiud  ?o  many,  and 
aroused  such  animosity,  that  liad  their  author  been  a  man  of  less  capa* 
bility,  he  would,  beyond  doubt,  have  been  ruined  for  life. 

The  question  at  issue  between  the  author  and  his  as^snilants  is  not  one 
which  can  be  discussed  within  the  limits  of  tliis  notice.  But  it  may  be 
safely  said,  that  were  such  a  work  to  appear  amongst  us  now,  it  would 
evoke  no  censure  beyond  that  which  lies  withiri  the  bounds  of  fair  scientitic 
or  literary  criticism.  The  doctrine  (if  it  can  be  so  called)  which  tfieu 
prevailed  concerning  the  nature  of  Life,  and  tbe  weakness  of  which  Law- 
rence exposed  with  im-^t  aring  hand,  has  long  since  become  a  dogma 
of  the  ]»n«t ;  and  in  tlie  discussion  of  this  great  question  it  is  only  fair 
to  state  that  he  was  fur  in  advance  of  his  time.  And,  again,  his  view 
of  tlie  other  chief  subject,  the  relation  of  mind  to  brain,  which  was  then 
denounced  so  fiercely,  is  (whether  right  or  wrong)  identical  with  that  of 
many  of  the  most  enlightened  physiologists  of  the  present  day.  In  scien- 
tific argument,  Lawrence  wn^  rnnre  than  a  match  for  his  opponents,  but 
he  was  assailed  by  we.npons  which  have  ha|)j»ily  been  since  discarded  by 
the  chamj)ions  of  knowledge.  It  may,  however,  be  urged  in  excuse  for 
the  grievous  misrepresentation  to  which  he  was  subjected,  that  he  was 
not  always  suibciently  careful  to  guard  against  being  misunderstood,  and 
proclaimed  what  he  then,  and  to  the  last,  believed  to  be  the  truth,  with 
disregard  of,  or  indifference  to,  the  convictions  of  those  who  were  then 
looked  tip  to  as  tbe  leaders  of  thought. 
In  1816  Lawrence  published  "An  Introduction  to  Comparative  An** 
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tomy  and  Phyiiolc^i  being  the  two  Introdiu  tory  lectures  delivered  at  the 
Cdiege  of  Surgeons  on  tiie  21«t  and  25th  oS  Maiob,  1816;"  and  in  1819 
h»  published  "  Lectures  on  Physiology,  Zoologyi  and  the  Natural  Hiatory 
of  Man/*  This  last  was  the  celebrated  volume  Lawrence  was  sabsequenily 
induced  to  suppress ;  but  in  1823,  Carlile,  without  the  sanction  or  consent 
of  the  author,  indeed,  in  spite  of  anything  he  oould  do  to  restrain  hini| 
printed  and  published  a  volume,  entitled  '*  Lectures  on  Comparative  Ana* 
tomy.  Physiology,  Zoology,  and  the  Natural  History  of  Man/*  \vhioh 
included  and  was  simply  a  eopy  of  the  two  volumes  mentioned  above. 
Ifany  other  editionsj  variously  modified,  afterwards  appeared*  The  lasti 
called  the  9th,  was  published  by  Bohn  in  1848. 

Lawrence  taught  at  the  Aldersgate  Sohool  of  Medicine  in  1826-27j  but 
lie  retired  from  this  in  1829,  when  he  succeeded  Aberuethy  as  Lecturer  on 
Surgery  ftt  St.  Bartholomew's  Hospital.  He  occupied  this  chair  for  thirty- 
three  years. 

In  1828  he  was  elected  on  the  Council  of  the  College  of  Surgeons,  and 
in  18^0  one  of  the  Examiners,  and  subsequeutly  he  was  twice  President 
of  the  College.  Moreover^  he  became  a  foreign  Associate  of  the  Institute 
of  France,  and  a  member  of  a  host  of  other  societies.  Then  he  was  ap- 
pointed, at  first.  Surgeon  Extraordinary,  and  afterwards  Sergeant-surgeon 
to  the  Queen.    Finally,  he  received  a  title. 

Besides  the  works  already  mentioned,  Lawrence  wrotemuch.  He  con- 
tributed no  less  than  eighteen  papers  to  the  Transactions  of  the  Medical 
and  Chirurgical  Society,  of  which  he  wns  for  many  years  a  member,  and* 
at  <me  time*  President.  He  wrote  many  of  the  articles  on  Natural  Science^ 
some  of  them  at  a  short  notice,  in  llees's  Cyclopaedia."  He  contri- 
buted aUo  to  a  work  of  Watt,  entitled  **  Anatomico-chinugical  Views  of 
the  Nose,  Mouth,  Larynx,  and  Fauces." 

In  1863  (he  was  then  in  his  eightieth  year)  was  published  his  last 
work,  "  Lectures  on  Surgery."  This,  in  one  volume,  by  no  means  em- 
braces the  whole  course,  but  only  that  part  of  it  which  was  devoted  to 
what  may  be  called  the  more  general  subjeots^  such  as  the  nature  of  dis- 
ease, inflanimation  and  its  consequences,  fever^  wounds,  and  specific  dis- 
eases. This  charming  book  appeared  perhaps  somewhat  after  its  time  j  at 
all  events,  it  would  have  produced  more  effect  had  its  able  and  accom- 
plished author  consented  to  numerous  pressing  solicitations  to  undertake 
the  task — the  materials  being  lesdy  to  his  hand— >many  years  before.  But 
as  it  is,  better  late  than  never.  It  is  enough  to  say  of  tt  that  therein  are 
embodied  the  most  matured  experience  of  the  author,  and  the  conclusions 
at  which  he  had  arrived  or  the  opinions  he  had  formed  on  some  of  the 
Isigest  questions  which  arise  in  surgery  ;  and  moreover  it  is  written  with 
such  soundness  of  judgment  and  fehcity  of  expression,  that  it  is  not  only 
a  highly  instructive,  but  a  very  attractive  Tolume.  It  is  the  work  not 
only  of  a  suigson,  but  of  a  scholar. 
On  two  infltaocts  Lawmce  ddivered  the  Huntcriaa  oration  at  the  Col- 
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lege  of  Surgeons.  On  the  Uat,  when  the  great  majority  of  those  whom  he 
addreised  were  hostile  to  the  views  he  set  forth,  his  power  of  puhlic  speak- 
ing was  subjected  to  a  test  to  which  perhaps  few  men  would  have  proved 
equal.  For  the  second  time  in  his  life  did  he  on  a  great  occasion  arouse 
the  anger  of  his  auditory,  and  excite  against  himself  bitter  feeling  of  resent- 
ment. The  opinions  he  expressed  on  certain  questions  which  were  ilica 
agitating  the  minds  of  many  in  the  profession,  and  the  contempt  with 
which  he  spoke  of  certain  existing  institutions,  called  fortli  from  all  parts 
of  the  theatre  loud  expressions  of  dissent  and  denunciation.  Probably 
most  of  those  present  thouglit  that  the  orator  would  shrink  I'ruia  so  un- 
equal an  encounter,  and  bow  to  the  verdict  which  was  so  uncqui\ucally 
pronounced.  But  Lawrence  never  for  an  instant  wavered  iVom  his  pur- 
pose. He,  standing  alone,  caliu  and  unshaken  by  the  storm  which  raged 
around  him,  proceeded  in  a  strain  of  imtaltering  eloquence  to  tlic  end,  and 
concluded  with  a  })eroration  of  such  j)owcr  and  beauty  that  those  who 
had,  during  the  hour,  been  loud  in  condemnation,  coidd  not  resist  joining 
heartily  iu  the  burst  of  applause  v^  l^lch  greeted  the  close.  Undoubtedly  he 
then  exhibited  some  of  the  greatest  (pialities  of  an  orator. 

Lawrence  was  indeed  richly  endowed  by  nature,  and  lie  spared  no 
pains  to  turn  his  great  advantages  to  good  account.  Throughout  his  long 
life  he  enjoyed  almost  uninterrupted  health  ;  for  within  not  many  months 
of  his  death,  he  declared  that  he  had  never  been  kcjit  h  um  his  duties  bv  ill- 
ness for  a  week  together.  IHs  excellent  litalth,  notwitiistanding  hard  work, 
continued  through  so  niauy  years  with  scarcely  any  intermission,  although 
no  doubt  originally  the  result  of  an  unblemi-lu  d  constitution,  was  yet,  from 
first  to  last,  carefully  preserved  by  habits  of  snigulnr  regularity  and  uniform 
temperance  iu  all  things.  Xo  man  could  be  less  n(  If-indnlgent  than  he, 
no  one  was  ever  more  orderly  in  his  work  or  {uuirtnal  to  his  ( niragements. 
In  ])erson  too  he  was  much  admired.  Above  liie  ordinary  height,  elegant 
in  form,  strikingly  handsome,  and  of  noble  presence,  few  who  met  him  could 
have  failed  to  he  impressed,  l^nt  Lawrence  was  still  more  remarkable  for 
his  powers  of  mind.  His  intLllect,  naturally  of  extraordinary  strength  and 
amplitude,  had  boon  vrry  long  and  most  industriously  cultivated.  Through* 
out  his  life,  from  the  tmie  when  he  first  entered  the  hospital  to  its  close, 
he  was  a  diligent  student,  not  of  surgery  only,  in  its  highest  and  widest 
sense,  and  of  those  natural  sciences  upon  which  it  is  more  immediately 
founded,  but  even  of  subjects  less  akin  than  those  are  to  that  which  formed 
the  business  of  his  life. 

Apart  from  all  professional  knowledge  and  skill,  Lawrence  was  undoubt- 
edly an  accomplished  man.  He  was  a  good  classical  scholar,  and  spoke 
fluently  French,  German,  and  Italian.  His  knowledge  of  history,  both 
ancient  and  modem,  was  extensive,  and  in  some  parts  perhaps  profound. 
To  the  last  he  was  true  to  the  habit  of  his  whole  life.  He  not  only  read 
very  much,  and  remembered  to  an  extraordinary  degree  what  he  read,  but 
thoroughly  digested  it,  separating  with  remarkable  skill  the  wheat  from 
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the  chaiF.  Bat  beyond  the  more  immediate  occapatioii  of  hit  life — sur- 
gery, his  chief  affection  was  centred  in  those  scieneeB  which  are  included 
in  Biolo^.  He  was  not  content  to  cultivate  these  sciences  only,  so  far 
as  they  are  supposed  to  be  directly  applicable  to  practice,  but,  from  first 
to  last,  he  pursued  them  for  the  charms  they  possessed.  The  zeal  with 
which  he  studied,  especially  in  early  life,  anatomy  and  physiology,  human 
and  comparatiyp,  is  well  known.  Throughout  his  long  career  his  interest 
in  these  subjects  never  flagged. 

Again,  it  is  acknowledged  by  those  most  competent  to  judge,  that  he 
wrote  well.  His  style  was  excellent — correct,  perspicnous,  and  graceful* 
He  spoke,  too,  admirably.  Whether  in  private  or  in  public,  he  never  ap- 
peared at  a  loss  either  for  thought  or  expression,  but  was  always  lucid  and 
to  the  point.   From  egotism  and  all  affectation  he  was  supremely  free. 

Although  he  was  very  fond  in  his  later  years  of  discussing  with  his 
friends  any  of  the  great  questions  of  physiology,  it  does  not  appear  that 
he  ever  committed  his  thoughts  to  writing.  But  those  who  listened  with 
delight  to  his  conversation  were  often  led  to  regret  that  he  was  never 
induced  to  set  forth  his  views  in  a  more  permanent  form.  There  was 
something  very  attractive  in  the  power  of  mind  and  range  of  knowledge 
which  he,  on  almost  all  occasions,  seemed  to  hold  in  reserve.  But  two 
facts  especially  impressed  themselves  on  those  who  talked  with  him.  He 
was  always  thoroughly  well  read  in  the  8ubject,'and  his  views,  unfettered 
by  prejudice,  were  ample  and  enlightened. 

As  a  surgeon,  Lawrence  was  distinguished  rather  by  his  clear  and  vigo- 
rous conception  of  principles  than  by  any  special  or  peculiar  skill  in  tlic 
details  of  practice.  His  was  no  low  or  narrow  view  of  the  requirements  of 
surgery ;  its  practice  in  his  hands  was  no  mere  empirical  or  mechanical 
art,  but  he  thought  it  worthy  of  the  highest  powers  of  the  intellect.  He 
was  no  mere  skilled  artisan,'but  a  thorough  philosopher.  His  great  ability 
was  never  more  conspicuous  than  in  prognosis.  At  times,  with  marvellous 
dexterity,  he  would  predict  the  issue  of  a  case  which  baffled  or  misled  every 
one  around  him.  Thus  his  most  daring  achievements  as  an  operator  were 
often  crowned  with  success,  which  to  others  appeared  in  the  distance  as 
the  remotest  chance. 

As  an  operator,  he  was  decidedly  skilful ;  but  his  skill  was  shown  not 
so  much  in  grace  of  action  or  in  apparent  manual  dexterity,^  as  in  the 
ability  with  which  he  accomplished  the  end  in  view,  and  the  manner  in 
which  he  brought  the  operation  to  a  close.  Near-sighted  in  early  life, 
his  vision  in  his  declining  years,  except  towards  tho  end,  not  only  did  not 
fail,  but  in  some  respects  improved.  *  To  the  last  he  operated  without 
glasses,  and  those  which  for  some  years  he  occasionally  used  at  other  timeq, 
ttill  later  he  almost  entirely  laid  aside. 

All  bis  colleagues  and  pupils,  and  many  others,  were  familiar  with  his 
amazing  coolness  and  perfect  self-possession  under  the  greatest  diiliculties. 
He  seemed  never  to  be  disturbed,  even  by  the  most  perplexing  and  unto* 
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waril  occurrence,  lieyoiid  the  fnintest  blush  which,  ju  ilifl))?,  ruAv  ami 
then  for  a  moment  pusscd  over  his  countennnce,  no  indiention  ol'  anj 
knid  M|)))carctl  that  he  was  in  the  lenst  degree  aiiVcttd.  This  wonderful 
equaiuiiiily  uwule  liiui  tin'  same  at  uU  liincs  and  under  every  circunnitHnce. 
^Vhateve^  he  may  have  ocoasionully  felt  was  known  only  to  himielf.  80 
far  as  observation  went,  tije  worst  dilKcuUies  of  an  o] mation,  or  the 
storm  ot  an  indignant  ati:*cnibly,  alike  failed  to  evoke  any  eyideiK^  of 
emotion. 

In  the  memoir  of  Sir  Benjamin  Brodie,  which  apjieared  in  the  Procecd- 
inp;5?  of  the  Society,  it  was  truly  said,  "There  is  nn  ]  loiessiou  where  n 
man  may  in  his  lifetime  be  so  distinguished,  and  leave  behind  eo  ilierht  a 
record  of  his  life,  as  the  profession  of  Medicine  or  of  Surgery.  ^Vith  the 
death  of  the  man,  there  jicrishcs  in  such  case  a  vast  amount  of  person.^] 
skill  and  observation,  which,  hehig  nnwritlen,  and,  indeetl,  not  capable  of 
briuir  written,  can  he  amassed  again  only  by  the  combination  of  similar 
talent,  opportnnity,  and  industry  in  another  individual.'*  Lawrence  was 
an  eminent  illustration  of  tins.  Great  and  varions  as  the  merits  are  <»f  the 
chief  of  his  published  works,  they  a  fiord  no  adequate  conception  oi  their 
auilior.  Lawrence,  too,  was  proator  in  speech  than  in  writing;:  as  a  ice- 
turer,  in  his  best  days,  he  was  hably  without  a  rival  ;  and  those  who 
knew  him  well  will  endor>e  the  upnuon  of  Sir  Benjamin  Brodie,  that  he 
was  even  greater  in  ordinary  conversation  thnn  in  ))ublie  speaking.  But, 
in  truth,  just  ns  nnw  his  fame  will  not  re>t  anv  single  brilliant  dis- 

covery, but  upon  the  record  of  his  whole  work,  so  durmg  hfe  he  was  not 
remarknble  for  one  great  faculty  in  particular,  but  rather  for  that  harmo- 
nious combuiation  of  various  powers  which  made  his  character  so  com- 
plete. As  a  surgeon  his  name  must  ever  be  amongst  the  foremost  of  thoae 
which  adora  the  aooals  of  his  profession.  \i\  S,  S. 

John  Lkf,  eldest  son  of  John  Fiott  (a  descendant  of  an  old  Burgun- 
diau  family),  was  l?nrn  April  2Mh,  1  TS'L  He  entered  St.  John's  College, 
CaTnhridge,  and  in  ibOb  was  fifth  Wrangler,  the  senior  for  that  year  being 
Sir  Trederick  Pollock.  In  I8IG  he  took  his  degree  of  LL.D.,  and  was 
ntterwards  elected  a  Fellow  of  the  College,  when,  as  Travelling  Bachelor, 
he  travelled  widely  on  the  Continent  and  in  the  East,  during  which  time 
he  gathered  materials  for  the  interesting  collection  of  antiquities,  which 
were  snl)sc(inently  arranged  at  ilartweil.  In  1815  he  changed  his  name 
by  royal  licence  from  Fiott  to  Lee,  in  compliance  with  his  uncle's  will,  his 
njother  having  been  daughter  of  William  Lee,  Esq.,  of  Totteridge  Park, 
and  granddaughter  of  Sir  W  illiam  Lee,  I/)rd  Chief  Justice  in  1754. 

In  182/  Dr.  Lee  succeeded  to  the  whole  of  the  family  property,  and  he- 
came  Lord  of  the  manors  of  Hartwell,  Stone,  and  Bishopgtone,  and  patron 
of  the  liTiogs  of  the  two  places  first  mentioned.  The  presentation  to 
tliese  livings  he  aftefwarda  conferred  on  the  Royal  Astronomical  Society, 
of  which  he  was  Treasurer  from  1831  to  1840,  and  President  ia  186 
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A  few  papers  on  arebrcoloLMcal  siiljjects  constitute  nearly  the  whole  of 
Dr.  Lee's  contributions  to  literature;  but  as  a  pntion  he  excelled,  anil  well 
deserved  the  designation  nf  *'  our  science-loving  triend,"  bestowed  on  him 
by  the  late  Admiral  Smyth.  One  of  his  favourite  occnpntions  was  the 
increase  of  the  collections  he  had  l)rought  home  from  his  iravcU  ;  and 
visitors  to  the  stately  mansion  of  Ilartwell  will  remember  the  pride  with 
which  the  venerable  owner  conducted  them  frnni  room  to  room,  and 
fondly  described  his  various  treasures.  His  appreciation  nf  nntir|uitie8  led 
to  his  beins;  chosen  as  Chairman  of  the  Congress  of  the  Archaeologica! 
Association  and  two  local  societies,  which  met  on  Boswortli  Field  in  lbti2. 

Dr.  Lee's  chief  claim  to  scii  mmHc  consideration  was  the  building  of  an 
observatory  in  the  grounds  at  liariwell,  where  for  many  years  observations 
•were  carried  on,  wliich  are  of  rt  cognized  value  in  astronomical  aud  meteor- 
oloirif^nl  science.  It  was  there  that  Admiral  Smyth  continued  his*  Cycle,* 
vvliicli  was  aftei  NMirds  published,  in  the  handsome  quarto  known  as  *  Spe- 
culum Hartwellianum."  The  cost  of  this  and  three  other  works,  by  th^ 
same  hand,  '  Dt'scriptive  Catalogue  of  a  Calnnet  of  !{ontnTi  Imperinl  large 
Brass  Medals,'  *  .Edes  Hartwellianse,'  containing  an  account  of  the  ticirntific 
observaflons  there  made  hv  different  observers,  and  of  the  mansion  and  its 
valuable  contents,  and  *  Addenda '  to  the  same,  was  defrayed  by  Dr.  Lrt . 

Dr.  Lee  was  twice  married,  but  died  without  issue.  He  was  a  Men) Ik  r 
of  Dorfnrs'  Cominoug,  in  which  he  served  the  oftioea  of  Treasurer  and 
Librarian,  though  ]ie  never  entered  actively  into  the  practice  of  his  pro- 
fession. His  npprsliitiiiciit  Qneen's  Counsel  by  Lord  Ciiancellor  West- 
bury  in  1M(j1,  ajioi  iii  ii  lum  higli  gratification.  At  the  time  of  his  decease 
he  wa^  the  oide.'^t  huil:!  tratc  in  Buckinghamshire^  lm?ing  been  named  ou 
the  Commission  oi  the  Peace  in  1819. 

Though  somewhat  eccentric  in  manner,  l)r.  Lee  was  considerate  and 
bountiful  to  those  around  liim.  a  master  and  landlord  he  was  much 
respected.  He  gave  a  thousand  i:iiinca^  towards  the  establishment  of  the 
Bucks  County  Infirmary.  He  founded  the  Lee  Ftmd  of  the  I^nynl  Astro- 
nomical Society  for  tlie  relief  of  widows  and  children  of  deceased  Fel- 
lows, and  presented  to  the  Society  the  '  Lee  Circle,'  a  valuable  astrono- 
mical instniment.  He  was  elected  a  Fellow  of  the  Royal  Snciety  in  IH,*^!, 
and  at  the  time  of  his  decease,  which  took  place  February  2o,  I8()t), 
was  a  Fellow  of  the  Society  of  Antiquaries,  of  the  Linucao,  Geological*  the 
Syro-Egyptian,  and  other  learned  bodies. 

S.^MUEL  "RoFFEY  Maitland  died  .Taunavv  1!),  1  Sf'ii;,  aL'ed  7 \.  TTis  father 
was  a  merchnnt,  of  Scofeh  exfia(  lion,  and  ui  Kni;dund  a  N oiu'  informiat. 
The  son  was  brougiit  up  in  his  latluT's  per^un^^inri,  and  accordingly,  though 
he  was  for  some  time  at  ( 'ambridge,  he  could  not  proceed  to  a  degree.  He 
was  of  Sr.  J(  ]iit"s  College  from  October  1808  to  Fe!)rnnrv  1^10,  when  he 
niigrated  to  Trinity  College,  where,  however,  he  neve  r  \s  vut  into  rc^ideiu  e. 
He  was  called  to  the  bar,  practised  ibr  a  year  with  good  success*  and  then 
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nbaiuloned  the  profession.  lie  soon  man  icd,  and  si  Lili  d  at  TauLituu,  where 
liis  father  also  settled.  He  then  began  the  course  of  reading  and  collection 
of  books,  which  formed  the  basis  of  his  future  career.  In  1821  he  took 
orders  in  the  Establishment,  and  became  the  incumbent  of  a  new  church  at 
Gloueester.  This  ])ost  he  resigned  ia  1830,  having  in  the  mean  time  found 
that  his  vocation  lay  towards  theological  writing;  he  had  then  published 
various  controversal  tracts  on  the  prophecies.  In  1838  he  was  appointed 
librarian  to  the  Archbishop  of  Canterbury  (llovvley),  from  whom  he  re- 
ceived the  degree  of  D.D.;  at  the  death  of  that  prelate,  in  18^8,  he  re- 
turned to  Gloucester,  where  he  passed  the  rest  of  his  life.  From  1838  to 
ISG")  is  the  period  in  which  the  works  were  produced  which  made  him 
conspicuous  amoii;:^  writers  on  uicdiixival  history  and  theology. 

We  need  not  emmierate  Dr.  Maitland's  numerous  and  multifarious  wri- 
tings ;  perhaps  the  most  read  is  the  *  Dark  Ages,  a  Series  of  Essays/  in 
indication  of  the  period  so  called  from  the  common  charge  of  neglect  of 
literature  and  of  the  text  of  the  Sacred  8crij)tures.  He  wag  not  a  popular 
writer;  his  subjects  are  too  recondite,  and  his  learning  too  profound. 

But  hp  is  nu(>  of  a  class  of  whose  writings  it  must  be  said,  that  wherever 
they  take  tin  v  bite.    They  arc  imbued,  but  not  in  excess,  witii  a  kind  of 
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huiuour  which  seems  almost  their  own  ;  some  would  describe  it  as  quaint, 
but  tins  word  alone  only  distinguishes  its  class  from  others;  a  journalist 
dc.-eribes  it  as  "sly,  dry,  and  shy,  but  never  high."  It  has  more  likeness 
in  it  to  the  peculiar  humour  of  Pascal  than  is  seen  in  any  other  writer  of 
our  day.  The  character  of  Dr.  Maitland's  learning  is  that  of  the  man  who 
reads  book-  ^vhich  he  has  always  by  him,  as  distinguished  from  that  of 
the  man  wlio  knows  how  to  e:o  to  the  library  and  find  bv  references.  He 
had  nothing  to  do  w  ith  libraries  except  liis  own,  and  that  of  which  he  was 
for  ten  years  i?i  Joco  possidcni  'ni.  Of  this  library  he  published  a  list  of  tlio 
English  works  previous  to  1  GOO  which  are  found  in  it,  with  valuable  biogra- 
phical references.  As  well  as  a  man  of  letter?,  he  was  a  book-fancier,  and 
in  early  life  a  little  of  a  bibliomaniac.  His  taste  for  these  articles  led  him, 
when  he  first  began  to  collect,  to  learn  to  bind  tliem  ;  and  the  writer  of 
this  notice  rcuKinbers  endeavouring,  when  a  boy,  to  extract  a  book  lettered 
*  MaitlanfTs  Works,*  and  finding  that  he  was  trying  his  strength  upon  one 
of  the  uprighU^  of  the  bookcase,  all  of  which  were  backed  aad  lettered  by 
the  owner. 

Dr.  Maitland  became  a  Fellow  of  the  Society  in  1839.  He  was  for  some 
years  Editor  of  the  '  liritisli  Magazine.'  Cautious  in  the  highest  degree 
about  literary  investigation,  he  was  by  temperament  ahold  schemer.  Long 
before  Sir  Rowland  ilill  appeared  in  the  held  he  proposed  to  the  Minister 
of  the  day  that  the  Government  should  carry  letters /^r  nothing;  he  was 
satistied  that  tlie  deficit  would  be  much  more  than  made  up  by  the  impulse 
given  to  trade;  and  there  are  presumj)tions  in  favour  of  his  view  in  the 
extraordinary  tendency  uj)ward3  of  the  revenue  since  the  great  change  in 
the  Fo8(  Oiiic?.   In  Uteratore  be  was  decidedly  of  opinion  that  it  would  be 
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imply  worth  iU  oost  for  the  Government  to  pay  for  the  oonstruction  of  an 
index  which  should  give  reference  to  every  human  name  mentioned  in  every 
book,  from  the  inyention  of  printing  down  to  a  recent  period. 

GxoftOB  Rbnnie,  C.E.,  was  born  in  the  parish  of  Christchurch,  Surrey, 
on  the  3rd  of  December,  1791,  and  died  on  the  30th  of  March,  1866,  at 
hia  hooae  in  Wilton  Crescent,  London. 

He  was  the  eldest  son  of  the  great  engineer  John  Rennie,  and  from  his 
curly  years  was  destined  for  his  father's  profession.  His  school  edueation 
was  commenced  under  Dr.  Greenlaw,  of  Isleworth,  and  continued  at  St. 
Paurs  School  under  the  mastership  of  Dr.  Roberts.  He  was  then  sent  to 
the  University  of  Edinburgh  to  pursue  his  ncndemical  studies,  and  during 
two  years  of  his  stay  enjoyed  the  great  advantage  of  living  in  the  house  of 
Mr.  Playfair,  the  accomplished  Professor  of  Natarai  Philosophy,  and  author 
of  the  celebrated  '  Illustrations  of  the  Huttonian  Theory  of  the  Earth.* 
On  his  return  to  London  in  IHII  he  entered  ou  the  practical  study  of  en- 
gineering, and  was  soon  able  tu  £u>:ii:>t  iuliicr  ia  all  the  departments  of 
his  profession. 

In  1818,  on  the  rccoiiiuiendaLiou  of  James  Watt  and  Sir  Joseph  Banks,  he 
was  appointed  to  the  office,  then  become  vacant,  of  Inspector  of  Machinery 
and  Clerk  of  the  Irons  (i.  e.  dies)  at  the  iloyal  Mint ;  and  durinp;  the 
eiglit  years  that  he  lield  the  appointment  he  made  himself  intimately  ac- 
fjuftintcJ  with  the  construction  and  operation  of  the  machinery  employed  in 
coining.  The  knowledge  thus  acquired  stood  liini  in  ^ood  stead  when  he 
was  called  ou,  in  conjunction  with  ML'ssr>\  Bolton  and  Watt,  to  furnish 
machinery  for  the  Mints  of  Calcutta  and  iiombay,  and,  at  a  later  time,  for 
those  of  Mexico,  Peru,  and  Lisboii,  and  when,  iu  the  reign  of  Louis  Phi- 
lippe, he  designed  similar  but  more  extensive  machinery  fur  the  Paris  Mint. 

On  the  death  of  his  father  he  entered  into  partnership  with  his  younj^er 
brother,  now  Sir  John  Rennie,  and  went  through  a  long  and  acLi\e  profes- 
sional career,  during  which  the  brothers  were  cngaj*ed  in  designing  and 
eiecutinc:  many  engineering  works  of  great  magnitude  and  importance,  at 
borne  uiul  abroad.  Among  these  may  be  mentioned  various  nauonal  har- 
bours and  docks  and  their  subsidiary  machinery  ;  extensive  drainage  works  ; 
railway  surveys  and  constructions,  and  as  specially  worthy  of  note,  the  first 
snrrcys  of  the  present  line  of  the  Liverpool  and  Man cliester  railway,  boldly 
an<i  successfully  carried  by  the  Messrs.  Ilennic*s  advice  over  the  Chat  Moss, 
and  the  Xamurand  Liege,  and  Mons  and  Menage  lines,  planned  and  exe- 
cuted by  them  in  Belgium  ;  also  bridges  in  various  parts.  London  ii ridge 
was  erected  after  a  design  made  by  George  Rennie,  which  had  been  approved 
by  his  father ;  but  in  consequence  of  his  then  holding  a  c:overnmeut  appoint* 
ment  his  brother  was  appointed  engineer  to  carry  the  work  into  execution. 
The  Bridge  over  the  Dee  at  Chester,  with  an  nreh  of  200  feet  span,  is  a 
monument  of  Mr.  George  Rennie'^i  skill  in  ( lus  species  of  construction.  The 
original  design  of  this  great  stoue  arch  was  by  Mr.  Harrison,  a  well-known 
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architect ;  hut  as,  through  ngc  and  iiitirniity,  lie  ^Yas  unahlc  to  proceed Hith 

it,  the  whole  plan  was  lemoikHeJ  and  rendered  practicable,  and  the  ardl 
ccjuilibrated  with  great  scientilic  prtcisiou  by  Mr.  llennie,  who  further 
sliowed  his  constructive  power  by  devisino;  a  very  iugeuious  centre  for  sup- 
porting the  arch  din  ing  tlie  j)rocoss  ol' building. 

Mr.  llennie  took  much  interest  in  the  question  of  propclHng  vessels  by 
the  screw.    The  screw-propeller  liail  been  already  tried  at  various  periods 
and  in  various  forms.    Mr.  Rennie's  atteulion  was  specially  drawn  to  the 
subject  in  1836,  by  certain  successful  trials  then  made  by  Mr.  Pcttit Smith 
with  a  screw-propeller  Htfed  to  a  small  opeii  boat.    After  due  considera- 
tion of  the  results  of  this  experiment,  ISfr.  Rennie  was  satislied  tlul  the 
method  would  be  i)racticable  and  advantnL:cous  wbpji  applied  on  a  larger 
scale,  insomuch  that  he  and  his  brother,  at  no  small  jjtcnniary  risk,  com- 
bined with  some  other  enterprising  peisoiis  to  carry  it  into  effect,  and* 
vessel  called  the  'Archimedes'  was  built  I'ur  the  jjnrpose,  and  titled  with  ft 
screw  driven  by  cnjjjines  of  80  horse-power.    Notwithstanding  adverse  pre- 
dietifMis,  the  'Archimedes'  succei-ded  perfectly  ;  and  the  Mcssr?.  Keunic 
subsefpicntly,  in  IS  IO,  constructed  for  the  Admiralty  an  iron  vessel  ot  210  j 
touft  and  iitted  it  with  a  j  rr  nv-propeller,  by  which  a  speed  was  obtained  ot 
twelve  and  a  (piarter  milea  per  hour,  which  was  four  miles  above  the  rate  • 
of  the  Admiralty  paddle-steamers  of  tiiat  period.    Tins  ves.-^el,  the  'Mer-  | 
maid,'  was  the  first  screw-propelled  ship  in  tlie  liritish  Navy,  and  her  intro- 
duction is  a  memorable  event  in  the  historv  of  steam  navitratiori. 

Tlironghont  his  huw  practical  life  Mr.  llenidc  bestowed  much  time  and 
tliouglit  oil  thr  scientific  side  of  his  profession,  and  undertook  various  ex- 
perimental inipuries  on  physical  questions  connected  with  it.  Three  papers 
containing  the  results  of  some  of  his  investigations  are  published  iu  the 
Philosophical  Transactions,  viz.  **0n  tlic  Strengtli  of  Materials,"  in  1818; 
**  On  the  Friction  and  Abrasion  of  the  Surfaces  of  Solids,*'  in  1829;  and 
*'  On  the  Friction  of  Fluids,"  iu  1831 .    To  the  British  Association  for  the 
Advancement  of  Science  he  niado  two  conununications  on  the  (  Junntity  of 
Heat  developed  by  Water  when  raj)idly  agitated,  and  presented  to  the  saiue  I 
body  an  elaborate  Report  on  the  progress  of  liydraidics  as  a  branch  of  En- 
gineering, ]niljlishcd  in  the  volumes  for  lH3.'i  and  IH'AA  ;  also  Reports  on 
Kailway  Constants  (IS.'iSj,  and  on  the  ('])anges  in  the  Channels  of  the  ' 
Mersey  (ly.jj  and  iN'ifi).    He  is  the  antbor  of  various  contributions 
on  bridges,  water-wheels,  and  other  subjects  of  practical  engineering,  in  the 
*  Transactions  of  the  Institution  of  Civil  Engineers,'  in  'Weale's  Paper?,' 
and  in  Wool  house's  edition  of  *  Tredgold  on  tb.e  Steam-engine.*    He  also 
brought  out  a  new  edition  of  *  Buchanan  on  Machinery/  and  added  much 
new  matter. 

Mr.  Rennie  was  elected  a  Felli;w  of  the  Royal  Society  in  1822;  in  1843 
he  was  nominated  a  Vice-President,  and  apj)ointed  Treasurer  in  succession 
to  the  late  Sir  J.  W.  Lubbock,  which  oliice  ho  held  till  1850.  He  w«aal«o 
a  memher  of  several  foreign  acadcmiea. 
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Mr.  Ronnie  mftiricd,  in  1828,  Margaret  Anne,  (laughter  of  the  late  Sir 
J<  hn  Jackson,  Bart.,  M.P.,  by  whom  he  has  left  iMue  two  8008  and  a 
daughter.  Some  t  i me  before  his  death  he  met  with  a  se? ere  accident,  from 
the  efifecti  of  which  he  nerer  recovered. 

Mr.  Renuie  was  n  man  of  gentle  nature  and  quiet  demeanour,  hi  private 
as  well  as  in  public  Ufe  greatly  esteemed  and  respected, 

Henby  Darwin  Rogers  was  born  in  Philadelphia  in  1809.  At  the 
TTe  of  twenty-one  he  was  appointed  Professor  of  Chemistry  in  Dickinson 
College,  Carlisle,  Pennsylvania,  and  afterwards  to  the  Chair  of  Geology  i» 
the  University  of  Pennsylvania.  Tlicn  followed  his  superintendence  of  the 
Geological  Survey  of  the  State  of  New  Jersey,  residence  at  Boston,  voyages 
to  Europe,  and  (in  1857)  aeccptancc  of  the  Professorship  of  Natural 
History  and  Gcol(  gy  in  the  University  of  Glasgow,  m  which  honourable 
post  he  died  in  May  1866. 

Prof.  Rogers  published  his  Report  on  the  Geology  of  New  Jersey  in  1835  : 
a  year  later  he  was  intrusted  with  the  important  task  of  investigating  and 
rectifying  the  geology  of  the  great  State  of  Pennsylvania,  in  which  he  spent 
several  years  of  earnest  labour.  Mis  brother.  Prof.  W.  B.  Rogers,  was  at 
the  same  time  employed  in  the  preliminary  survey  of  Virginia,  whereby  some 
of  the  mmt  important  problems  in  Amoriran  geology — the  structure  of  the 
Appalachian  mountain*chain,  and,  indeed,  of  half  the  continent  of  North 
America — ^were  simultaneously  worked  out  by  two  of  the  ablest  observers  of 
the  day.  The  results  of  this  survey,  discussed  in  a  joint  Report,  were 
oommanicated  to  the  Meeting  of  the  American  Association  of  Geologists 
and  Naturalists  held  at  Boston  in  the  iummer  of  1842,  "with  an  elo- 
quence and  fascination  of  style  never  surpassed."  It  placed  the  two 
brothers  in  an  eminent  position,  recognized  by  the  geologists  of  the 
world. 

The  anticipations  formed  on  this  occasion  were  fully  confirmed  by  the 
final  Report  on  the  Geology  of  Pennsylvania,  which  was  published  at  Kdin- 
burgh,  uith  maps  and  sections,  in  1858.  To  ensure  the  bringing  out  of 
this  valuable  work  in  a  style  commensurate  with  its  importance.  Pi  t  f. 
Rogers  came  to  England,  and,  while  residing  in  Edinburgh,  made  intimate 
acquaintance  with  many  men  of  mark  in  the  literature  and  science  of 
Scotland.  In  society,  and  as  a  lecturer,  his  great  and  varied  knowledge 
gave  him  an  advantage  which  he  exercised  with  graceful  facility,  and  on 
favourite  topics  he  would  at  times  surprise  and  charm  his  hearer.<}  by 
bursts  of  eloquence. 

Besides  the  works  above  mentioned,  Prof.  Rogers  wrote  papers  and 
reports,  which  were  published  in  the  Reports  of  the  American  and  of  the 
British  A?«oei;iti()Ti  for  the  Advancement  of  Science,  the  Transactions  of 
the  Americnn  Philopopliical  Society,  the  Journal  of  the  Boston  Society  of 
Nntnrnl  History,  in  Sillinian's  Journal,  the  Edinburgh  Philo?opbieal 
Journal,  and  the  Proceedings  of  the  Geological  (Society •   The  long  list  of 
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mibjects  therein  contained  may  be  regarded  as  a  memorial  honourable  alike 
to  the  author  and  to  Ameriean  science. 

For  a  few  years  prior  to  his  decease,  Prof.  Rogers  was  one  of  (he 
editors  of  the  Edinburgh  Journal  aboTO  referred  to.  His  health  being 
delicate,  he  spent  his  last  winter  in  Boston,  in  company  with  his  brother, 
and  returned  to  Scotland  but  a  short  time  before  Ids  death.  He  wsi 
elected  a  Fdlow  of  the  Royal  Society  in  1858. 

WiLLiAH  Parson^  thurd  Earl  of  Eosas,  was  bom  at  York,  June  17, 
180D,  of  A  family  which  had  been  settled  in  Ireland  from  the  time  oC 
EKsabeth,  many  of  whom  were  distinguished  in  arms,  aft  the  bar,  and  in 
the  Irish  House  of  Commons*   His  father  was  one  of  the  most  eloquent 
persons  of  his  day,  and  was  the  author  of  some  works  of  value.  Lord 
Bosse  was  educated  at  home  by  a  private  tutor,  and  when  18  years  old  en- 
tered Trinity  College,  Dublin.  His  career  there  was  veiy  suocesafnl  both 
in  science  and  classics,  for  he  obtained  all  honours  that  were  possible.  He 
did  not  graduate  there,  though  he  answered  for  the  degree  ;  but  In  com- 
pliance with  his  father's  wish  went  to  Oxford,  where  he  entered  Magdalen 
College.   At  that  time  Oxford  was  far  behind  Cambridge  in  the  caltiTStion 
of  mathematical  and  physical  science  (to  which  lie  had  now  deroted  him- 
self), and  he  seems  to  have  regretted  this,  though,  no  doubt,  he  did  STsil 
himself  well  of  the  instruction  which  he  found.    On  leaving  Oxford,  he 
was  returned  for  the  King's  County,  which  he  represented  in  Parliament  for 
eight  years.    He  was  not  an  active  debater,  though,  whenever  he  spoke, 
he  commanded  attention ;  but  in  matters  of  business,  and  especially  on 
committees,  he  had  few  equals.  He  then  retired  for  a  few  years  from  poli- 
tical life  to  follow  his  favourite  pursuit  with  more  leisure,  and  discharge 
more  completely  the  duties  of  a  landed  proprietor,  in  which  he  was  exem- 
plary,   lie  was  not  exclusively  devoted  to  astronomy  or  mechanics.  In 
fact  few  minds  of  our  day  have  grasped  so  wide  a  range  of  knowledge.  He 
was  a  master  of  political  economy,  a  greater  one  than  many  of  its  more 
renowned  champions ;  for  he  brought  to  bear  on  it  the  sound  common 
sense  which  was  one  of  his  chief  attributes.    lie  also  devoted  much  atten- 
tion to  the  great  question  of  national  education,  and  the  loss  of  his  autho- 
rity and  influence  on  that  subject  is  deeply  felt  in  Ireland  at  the  present 
moment,    lie  was  a  good  chemist,  would  have  attained  a  high  position  as 
a  civil  engineer,  and  possessed  a  large  amount  of  military  and  nautical 
knowledge.    As  evidence  of  this  it  may  be  mentioned  that  he  had  formed 
the  conception  of  armoured  ships  some  years  before  the  Crimean  War,  and 
had  thoroughly  investigated  the  problem.    His  calculations  showed  that 
vessels  of  no  great  tonnage  could  carry  a  sheathing  of  4 -inch  plates  which 
would  be  proof  against  the  32-pounder,  the  normal  gun  of  the  time.  His 
elaborate  memoir  was  sent  into  the  authorities,  acknowledged,  and  probably 
forgotten. 

In  IBoG  he  married  Miss  Field,  the  daugiiter  uf  a  Yorkshire  geutleman^ 
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in  wliom  he  found  one  worthy  of  himself.  She  sympathized  in  all  his 
punuits,  mastered'enough  of  astronomy  to*  help  him  ia  hts  calculations, 
and  entered  into  all  his  plans  for  the  welfare  of  his  tenantry  and  the  good 
of  her  adopted  country.  And  this  last  required  no  common  strength  of 
mind,  for  there  was  what  might  well  startle  a  yoang  Englishwoman. 
Kind  and  beneficent  as  her  husband  was,  he  was  not  less  resolute  in  sup* 
porting  the  authority  of  law  and  putting  down  the  murderous  societies 
which  were  the  terror  and  curse  of  that  part  of  Ireland.  Thh,  of  course, 
made  him  a  mark  for  the  assassin  ;  he  knew  his  danger ;  but  the  knowledge 
neither  made  him  shrink  from  his  duty,  nor  embittered  his  feelings  agunst 
the  misguided  people  who  were  conspiring  against  him.  lie  hdd  on  his 
steady  way,  sustained  by  his  calm  determined  courage,  and  pohaps  by  the 
fear  inspired  by  his  great  physical  power  and  consummate  skill  in  the  use  of 
amis.  For  several  years  this  danger  existed,  so  that  in  his  own  park  and 
at  hia  telescope  it  was  felt  that  all  who  could  use  weapons  had  better  carry 
them.  This  continued  till  the  terrible  famine  which  ensued,  crushed  out 
under  the  weight  of  real  misery  the  imaginary  grievances  of  the  agitators 
and  showed  men  as  they  were.  And  none  bore  the  test  better  than  Lord 
Bosse,  who  applied  to  relieve  the  distress  which  surrounded  him,  not 
merely  the  power  which  belongs  to  habits  of  business  and  sound  judgment, 
hat  aomething  still  more  appreciable  to  common  eyes ;  for  during  some 
years  he  devoted  nearly  all  the  income  of  his  Irish  property  to  give  the 
nnhappy  siffferers  the  means  of  existence.  This  told  on  their  hearts ;  and 
now  also  they  began  to  be  proud  of  his  fame  and  to  regard  him  as  an 
honour  to  their  nation,  so  that  for  the  latter  part  of  his  life  he  ceased  to 
be  an  object  of  hostility. 

On  the  death  of  his  father  in  1841,  he  was  elected  an  Irish  Repre- 
sentative Peer ;  in  1831  he  had  been  appointed  Lord  Lieutenant  of  his 
County ;  from  1848  to  1854  he  was  President  of  the  Boyal  Society ;  and 
in  1862  he  was  elected  Chancellor  of  the  University  of  Dublin. 

His  appearance  promised  a  long  life,  but  it  was  cut  short  by  an  accident 
so  trifling  that  it  was  neglected  ttU  too  late.  A  slight  sprain  of  the  knee 
piodoced,  after  some  months,  a  tumour  which  was  ultimately  removed  by 
a  severe  operation.  The  wound  was  slowly  healing,  but  his  strength  sunk 
in  the  process ;  and  on  October  31  he  died  as  he  had  lived,  patient  and 
vncomplaining  under  his  long  and  acute  sufferings,  gentle  and  considerate 
to  all  around  him,  and  strong  in  Christian  hope. 

We  think  these  personal  details  will  interest  the  Society  on  their  own 
aceount ;  but  they  also  may  serve  to  illustrate  the  habits  of  thought  and 
action  which  guided  Lord  Rosse  in  those  researches  which  culminated  in 
the  magnificent  instrument  with  which  his  name  will  ever  be  connected. 

So  early  as  1826  his  attention  was  directed  to  the  improTement  of  the 
reflecting  telescope,  and  it  is  instructive  to  trace  the  steps  ot  his  progress 
as  recorded  in  his  papers  in  Brewster's  Edinlairgh  Juuninl,  ni.d  those 
which  appear  m  our  Transactions  for  1840,  1850,  and  18G1.  They  are 
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entirely  original ;  for  there  was  no  available  inforniatiou  except  the  memoir* 
of  Mutlge  and  Edwards,  which  wore  only  applicable  to  specula  of  four  or 
live  inches  diameter.  Lord  llosse's  starting-point  was  the  necessity  of  using 
spcculnm  metal  of  the  highciit  stamlard.  For  this  he  combined  four  equi- 
valents of  copper  and  one  of  tin :  this  compound  is  very  brilliant  and 
resists  tarnish  iar  bi-tttT  than  if  there  be  a  slight  exci  ss  of  cither  inofre- 
dient.  A  strikiui;  cxaiii|tli'  (  t  (hi:?  is  a  compound  specuUim  polished  in 
1830,  which  liiy  iie^lecicd  in  ins  iaboratory,  yt-t  a  few  years  ago  was  still 
quite  bright.  Arsenic  and  other  metals  which  have  been  recomnu u  jeil  in 
small  quantity,  he  tried,  but  preferred  the  simple  alloy.  This,  howiver.  is 
nearly  the  most  intraeird)le  of  all  materials  — liarder  than  steel,  mure  hriitle 
than  jjliiss,  friable,  crystalline,  and,  wor>t  of  all,  Hying  in  pieces  with  any 
sudden  change  of  teuiperatare.  In  eon^cquence,  the  common  })roec*ss  of 
the  founder  does  not  avail  here,  except  on  a  small  scale  ;  and  all  large 
8})ecula  which  had  been  previoii>^ly  made  contained  a  larger  projiortion  of 
copper  than  the  above,  tliat  they  might  have  the  necessary  toughriess. 
Yet  more,  he  shared  the  general  belief  tliat  the  polishing  could  oidy  he 
done  by  hand,  that  it  was  essential  to  feel  the  nature  of  the  contact, 
that  tli(  ictore  only  small  surfaces  could  be  accurately  figured.  For  both 
reasons  lie  was  led  to  build  up  a  spceuhun  of  small  pieces.  His  fnst 
attempt  was  very  ingenious.  lie  eombineil  a  central  disk  with  annular 
zones  two  or  three  inches  broad,  and  groiuid  and  polished  them  spherical. 
In  such  a  surface,  each  zone  U  of  shorter  focus  than  those  within  it,  and 
the  resulting  image  would  be  indistinct.  But  by  a  fit  adjustment,  each, 
beginning  at  the  centre,  was  drawn  back  till  their  foci  coincided  ;  and  the 
action  of  the  compound  was  good  <m  pu  with  an  aperture  of  eighteen  inches. 
Yet  the  comj)lexity  of  the  arrangement  and  its  liability  to  cliange  with 
temperature  were  weighty  objection*',  and  he  was  led  by  a  new  fact  to 
devise  another  plan.  In  polishing  these  rings,  he  found  the  outer  ones  too 
large  for  hand-wf>rk,  and  made  in  1828  a  machine  which  gave  a  rectilmeai" 
motion  to  the  polisher,  while  the  speculum  revolved  slowly.  This  was 
only  expected  to  produce  a  spherical  figure,  but  it  caused  riugs  and  other 
irregularities,  which  he  saw  would  be  corrected  by  adding  a  second  excen- 
tric,  which,  by  giving  a  lateral  motion  to  the  polisher,  changed  its  course 
into  a  curve  which  might  be  varied  from  a  right  line  to  an  ellipse  almost 
circular.  This  had  the  desired  effect  ;  but  on  watching  its  action  he  saw 
that  it  would  also  give  what  was  the  great  desideratum,  a  change  of  curva- 
ture from  the  centre  to  the  circumference  which  could  be  varied  at  pleasure, 
and  therefore  could  be  made  to  give  a  true  aj)lanatic  tignre.  The  machine  so 
altered  was  employed  through  his  whole  life  with  only  one  important  change, 
whieli  was  a  means  of  setting  the  six-feet  vertical  while  ou  the  poli-hing  ma- 
chine, ana  lesiii.g  it  by  a  terrestrial  mark.  Thi'^  \\n<  added  in  l8bJ,  and 
very  much  farilitrtted  the  obtntiiing  a  prrfret  figure.  He  met  the  difticultv 
of  obtaining  a  large  speculum  by  making  a  strong  frame  of  a  peculiar  bra^is 
which  has  tho  same  expausiou     fine  speculum -metal,  aud  soldering  oa  its 
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front  thin  plates  of  the  latter,  cast  on  a3  large  a  scale  as  possible,  and 
closely  fitting;  them  at  the  edge?.  From  what  has  been  said  of  the  pro- 
perties of  this  alloy,  it  may  he  jutlgeil  ho^Y  much  mechanical  skill  the  pro- 
cess required  ;  but  he  succeeded  in  making  a  three-feet  ??peculum,  described 
in  the  Transactions  for  1840.  It  was  rerv  liirht  and  .slrouir,  aud  d'  liiied 
perfeetly,  except  that  with  large  .stars  the  diffraction  at  the  jjiuls  proilucvd 
four  Miiuute  rays.  For  those  below  the  fifth  magnitude,  and  of  course  iVir 
fauut-r  objrrtN,  tlils  detect  is  insensil)le  ;  and  Lord  Rosse  believed  tlint  la 
this  way  only  would  it  be  possible  to  attain  the  extreme  limit  of  telcscojiic 
vision.  The  constniction  is  stronger  than  the  solid  sj)eculum  with  a 
third  of  its  weight  ;  and  the  cellular  distriijution  of  the  greater  part  of 
the  mass  enables  it  to  assnmc  the  temperature  of  the  atmospliere  far 
more  rapidly.  During  these  experiments  he  was  led  to  an  important  im- 
provement in  the  casting  of  speculum-metal.  'When  the  melted  alloy  is 
poared  into  a  mould  the  surfaces  of  it  in  contact  with  the  mould  harden, 
while  the  interior  of  the  mass  is  still  fluid  ;  tliis  codIs  in  its  turn,  and  in 
contracting  exerts  a  powerful  drag  on  the  outer  crust  wiii<  h  •p\v<  \\ay,  and 
the  whole  is  shivered.  Beside^,  if  the  solidification  is  t:r;ulual  the  mass 
assumes  a  crystalline  character,  which  gives  it,  when  p<jli>lied,  a  mottled 
surface.  Lord  Ilos«e  met  these  difficulties  by  forming  the  bottom  of  his 
mould  oi  iiuu,  the  sides  of  sand,  and  by  leaving  the  top  open  :  the  metal  in  * 
contact  with  the  iron  congealed  almost  in  an  instant,  the  sides  of  the  spe- 
culum more  slowly,  as  the  sand  i?  a  worse  conductor  than  the  iron,  the 
upper  part  rt  !ii:uiiing  tiuid  longest ;  so  liiat  the  contraction  occurred  chiefly 
at  the  back  of  the  speculum,  where  it  did  n  >  harm,  while  the  front  pre- 
sented a  layer  of  uniform  and  comparatively  tough  material.  He  found, 
however,  that  this  layer  is  a  little  more  liable  to  tarnish  than  that  which 
is  cooled  slowly.  The  process  is  quite  dilTerent  from  the  chilling  of  cast 
iron,  with  which  it  has  sometimes  been  confounded.  All  this  was  well ;  but 
now  another  difficulty  was  found.  Copper  in  lusion  absorbs  a  large  quan- 
tity of  oxygen,  much  of  which  it  gives  out  on  becoming  solid,  and  spceulum- 
metal  appears  to  possess  the  same  property.  Owing  to  this  it  is  always 
full  of  microscopic  pores,  and  the  escape  of  the  gas  when  the  alloy  is  cooled 
hy  contact  with  the  iron,  as  it  cannot  rise  through  the  viscid  liha  which  is 
forinc<l,  prol;ably  causes  the  bubbles  and  cavities  which  arc  found  even 
when  no  air  is  entangled  in  the  pouring.  To  give  this  gas  a  free  escape 
was  the  obvious  remedy,  and  that  was  effected  by  nuiking  the  bottom  of 
the  mould  of  hoop  iron,  placed  on  edge  and  packed  so  closely  that  it 
retained  the  metal,  but  was  pervious  to  gases.  The  plan  was  so  successful 
that  in  1810  he  had  finished  a  solid  three-feet  speculum,  and  had  satisfied 
himself  ihut  even  a  six-feet  was  quite  practicable. 

lie  soon  made  the  attempt,  and  succeeded  in  April  ISI  J,  in  obtaining 
a  perfect  cast  which,  ai'.vr  being  partly  trround,  was  broken  by  the  care- 
lessness of  a  uorkiiiiiii  :  Iwu  GthiT  laiaircs  uru  liicationed  in  hi^  llurd  paper; 
one  of  which,  however,  actually  gave  a  disk  more  than  seven  feet  diameter. 
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though  of  course  too  thin  for  use.  This  he  regarded  as  a  valuable  result, 
for  it  showed  tlic  })ossibi]ity  of  going  far  beyond  the  six  feet,  should  such 
optical  |)o\ver  ever  be  nquircd.  In  these  disasters  liis  unfailing  good 
temper  au<i  patience  were  not  less  admirable  than  his  exhaustless  mecha- 
nical talent.  The  whole  niighty  instrument  was  so  far  complete  by  Fe- 
bruary 1845,  tliat  on  the  l.'Uh  of  that  iiioutli  he,  las  friend  the  late  Sir 
James  South,  and  another,  saw  iu  a  lucid  mtei  vui  of  cloudj  a  few  double 
btara  and  clusters. 

Lord  Rosse  has  given  in  the  paper  just  referred  to  (1861)  ample  details 
of  the  telescope,  both  in  respect  of  castinp;  and  lignring  the       ula  and  of 
the  mechanism  by  which  it  is  pointed  to  the  heavens,  and  the  observers 
enabled  to  use  it  witli  convenience  and  safety.    In  these  wc  iuh  d  not  fol- 
low him  beyond  noticing  the  modest  and  undemonstrative  charac  ter  of  the 
description,  which  gives  but  a  very  faint  idea  of  the  magnificence  of  what 
he  had  achieved.    To  those  of  us  who  have  seen  the  telescope,  and  still 
more  to  the  few  who  were  present  at  the  casting  and  polishing  of  the 
speculn,  it  is  bnt  a  lifeless  shadow.    They  can  never  forget  the  machiacry 
and  furnaces  that  were  installed  in  the  towers  and  courts  of  the  old  castle 
whose  walls  still  show  traces  of  the  sieges  sustained  in  times  of  yore, 
the  intcllip;enee  and  discipline  of  the  workmen  w  hom  he  had  formed  from 
*  ignorant  Irish  labourers,  and  above  ail  the  matchless  self-possessiou  ami 
unfailing  resources  of  the  master  mind  that  guided  all.   In  even  belioldlng  ] 
the  instrun^ent  it  is  not  easy  to  realize  its  colossal  vastness  ;  the  machinery 
which  moves  it  disapj)onits  by  its  excessive  simplic  ity,  and  it  is  not  till  one 
stands  in  the  highe:>t  observing  gallery  and  looks  into  the  profound  below, 
or  over  the  sni  roimding  country,  that  he  obtains  a  true  measure  of  its 
magnitude,  and  feels  that  it  is  sublime.    It  deserves  notice  that  all  this 
massive  work  \vm  executed  in  Lord  Rosse's  laboratory,  and  that  the  whole 
had  been  so  tlioroughly  considered  that  in  no  instance  was     fouad  oecea- 
aary  to  deviate  from  the  drawings  which  had  been  prepared. 

With  respect  to  its  optical  power,  little  need  be  added  to  what  is  said  in 
the  memoir  of  1861.    A  more  unfavourable  location  for  it  could  hardly  be 
found  than  the  vicinity  of  the  lio*^'  of  Allrn  ;  and  its  performance  gives 
little  earnest  of  what  it  conhl  do  in  a  finer  climate  and  a  few  thousand  feet 
ab  ove  the  j^ea.    Hitherto  it  has  aho  suffered  from  a  disturbing  cause  pecu- 
liar to  reflectors,  and  increasing  very  rapidly  with  their  bulk.    Besides  the 
undulations  of  the  air  through  wliich  they  look  (which  affect  all  tele- 
scopes), they  have  air-currents  in  their  tubes  caused  by  the  great  speculum 
being  warmer  than  the  atmosphere.    The  air  in  contact  with  the  metal  is 
heated,  and  rises  along  the  upper  side  of  the  tube,  while  a  stream  of  cold 
an  n  ])hices  it,  descending  on  the  lower;  and  the  eddies  of  the  two  cause 
strange  wings  and  twirlings  in  the  image.   This  goes  on  increasing  as  the 
night  becomes  colder,  till  sometimes  all  definition  is  lost.    An  example  of 
this  was  given  on  March  5,  1845.    The  speculum  was  uncovered  while 
cooler  thau  the  air,  and  was,  of  course,  dewed.    This  did  not  diy  off  UU 
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Regnhis  was  passinp: ;  tlmt  Ftnr  was  shown  as  a  round  point  of  intolerable 
light;  but  as  the  niglit  wore,  tlie  difuiition  dcclini'il  till  e  Bootes  came, 
which  it  only  showed  as  two  c  -  li  ured  Hares,  niid  Lord  Iu).s;e  gave  up  further 
observing  ns  useless.  On  Uclober  20,  1848,  under  similar  cicumstances 
of  uacovern^g  the  speculum,  the  l>lne  star  of  y  Andromcdfc  was  <<  en  witli 
1500  divided  a  full  diameter  of  the  larger  component,  the  colours  blue  and 
purple.  The  prevlou'^  evening,  after  a  longer  exposure,  the  j^tar  looked 
elniiLratid,  and  the  division  appeared  only  by  trlinip^se.s.  For  tliis  there 
eeeia  but  two  possible  remedies,  to  keep  the  speculum  as  near  the  tempe- 
rature of  the  nir  as  possible,  and  to  make  the  tube  of  openwork,  so  that 
the  warmed  air  may  escape  as  soon  as  possible.  The  first  of  these  was 
not  easily  practicable  with  so  Imge  a  block  of  inttal,  though  he  thought  it 
could  be  effected  ;  but  the  otiier,  wliich  was  nmny  years  ago  suggested  by 
Sir  John  ilerschel,  he  tried  on  the  threc-l'eet,  and  with  such  success  tliat 
he  resolved  to  a|)ply  a  similar  tube  to  the  six-feet  when  it  should  re- 
quire renewal.  This  will  undoubtedly  extend  its  good  definition  through 
n  greater  ]>ortion  of  the  night,  aad  riKike  it  more  potent  for  the  resolu- 
tion ofnebuloe.  But,  even  under  average  atmospheric  conditions,  its  power 
is  astonishing.  No  achromatic  in  Britain  gives  any  adecjuate  notion  of 
the  way  in  which  it  shows  the  moon,  close  contrasted  double  stars,  or 
clusters  like  13  Messier.  Its  chief  employment,  however,  has  been  on 
ncbulc'c,  and  the  results  which  they  have  atTorded  are  very  remarkable. 
Tliat  it  resolved  a  multitude  of  them  which  resisted  all  other  telescopes 
was  a  matter  of  course  ;  but  it  also  revealed  in  many  of  these  strange  bodies 
the  existence  uf  forms  and  forces  completely  at  variance  with  our  previous 
conceptions  of  celestial  mechanics.  Many  of  the  observations  arc  given  in 
our 'Transactions*  for  1850  and  18G1  ;  and  it  may  suffice  to  indicate  a 
few  of  their  results.  The  most  remarkable  is  the  spiral  arrangement, 
which  seems  to  prevail  very  commonly  in  nebulnn,  and  occasionally  in 
clusters.  Sometimes  the  spirals  are  as  regular  as  the  iire-curves  of  a  pyro< 
technic  wheel ;  sometimes,  when  seen  obliquely,  like  the  section  of  a 
snail-shell ;  sometimes  almost  ioreshortened  into  a  ring ;  occasionally  there 
is  a  double  system ;  and  ia  one  or  two  instances  the  two  sets  turn  in  dif- 
ferent directions.  The  dynamical  couditbn  which  is  implied  by  these 
appearances  cannot  be  explained  by  any  cosmical  forces  witli  which  we  are 
acquainted,  and  it  is  an  object  of  the  highest  interest  to  science  that  they 
^ould  be  carefidly  watched  for  any  signs  of  change. 

It  has  also  been  ascertained  that  a  remarkable  class  of  nebulae,  called 
Planetary  from  appearing  like  uniform  circular  or  elliptic  disks,  have  no 
existence  ;  they  are  shown  to  be  systems  of  rings,  sometimes  very  compli- 
cated, so  that  annnlar  nebnlse,  of  which  only  two  were  previously  known 
in  our  hemisphere,  are  by  no  means  uncommon.  And  thirdly,  some  in- 
formation baa  been  gained  as  to  nebulous  stars.  These  rare  objects  differ 
from  ordinary  stars  in  having  a  ronnd  atmosphere  of  some  extent,  and 
iaintly  luminous.   This  is  not  continuous,  as  had  been  supposed;  some- 
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times  connsting  of  rings,  Bometimes  Beparated  hf  a  dark  interval  from  tbe 
central  star.  Such  facts  do  not  well  accord  with  the  old  nebular  hypo- 
thesis, hut  rather  indicate  a  permanent  state  like  that  which  last  year  pre» 
Tailed  for  a  few  days  in  the  noted  star  of  the  Northern  Crown,  in  which  a 
solid  luminous  nucleus  is  surrounded  by  an  atmosphere  heated  to  incao^ 
descence.  It  is  far  from  improbable  that  such  is  also  the  case  with  many 
of  those  minute  stars  which  this  telescope  rereals  in  thousands  in  bright 
nebolsB,  which  it  cannot  entirely  resolve.  The  stars  and  the  nebula  are 
evidently  connected,  yet  as  evidently  of  different  nature.  As  an  example 
may  be  taken  the  great  nebula  of  Orion,  in  which,  when  the  speculum  is 
in  0ne  order,  it  shows  these  lucid  points  as  thick  as  dust,  while  yet  there  is 
manifestly  a  different  source  of  light.  In  this  case  the  nebula  seems 
brighter  than  the  stars ;  and  so  Mr.  Uuggins  has  found  that  tbe  uebular 
spectrum  alone  is  visible.  On  this,  and  many  simiUr  questions,  each  new 
observation  opens  an  ever^widening  iield  of  inquiry  ;  and  It  is  permitted 
to  us  to  hope  that  the  unrivalled  power  of  this  mighty  instrument  wUl 
still  be  exerted  in  that  6eld,  and  that  the  son  and  successor  of  him  whom 
we  so  deeply  regret  will  follow  his  example  in  this,  as  in  all  else  for  which 
he  was  hcmoured  and  loved. — T.  R.  R. 

jAMCti  Smith,  of  Jordan  Hill,  near  Glasgow,  was  born  in  Glasgow  on  the 
1 5th  of  August,  1 782.  Ue  was  the  eldest  son'of  Archibald  Smith,  Esq.,  aa 
eminent  West  India  merchant  in  that  city,  and  of  Isabella  Ewing,  who  died 
a  few  years  ago  in  her  101  st  year. 

Mr.  Smith  was  educated  at  the  Grammar  School  and  University  tif 
Glasgow.  He  was  for  many  years  a  sleeping  partiu'i-  in  tlie  A\e>t  Luii  i 
House  of  Lcitch  and  Smith  in  that  city,  but  never  took  any  active  part  in 
business.  Uis  ta*4tes  directed  him  to  literary  and  st  icntific  pursuits  and 
the  fine  arts.  He  was  in  early  life  an  cuthusiastic  ijuok  collector,  jiarticu- 
larly  in  tlio  ilopa. !  tn.'nt  of  early  voy.ip:?s  and  travels,  of  whiuh  he  has  left 
a  lars^e  and  valualile  collection.  Uis  love  of  yachtint;  was  one  of  the  most 
proiiiijiei;t  features  in  his  life,  an  1  i:  was  lill  loug.  His  first  cruise  in  a 
vneht  of  his  own  was  in  the  vcar  ISUG  ;  his  last  in  the  year  1866.  He  wa>. 
one  of  the  earliest  menihers  of  the  Koyal  Yacht  Club,  now  the  Royal  Yacht 
Squ  iiiion;  nud  was  one  of  the  earliest  and  latest  Commodores  of  the 
lioyai  Northern  Y'acht  Club. 

Most  of  Mr.  Smith's  .«eientific  and  literary  researches  v.  ere  connected  wiih 
his  love  of  yachting.  His  eai  lie-f  paper  in  any  scientific  })ublication  was  a 
notice  in  the  Transactions  of  the  Ilovnl  Society  of  IvHnbnnrli  of  an  un- 
described  vitrified  fort,  in  tiiv.'  iinrnt  Isles  in  the  Kyles  of  liule,  di?co- 
vered  by  him  in  accldentjilly  landing  from  hh  yacht.  In  geolojv,  tlie 
science  to  wlucli  he  was  peculiarly  attaclied,  his  attention  was  early  dirertcd 
to  the  question  as  to  the  relative  position  of  the  land  and  sea  Avhich  l»ad 
subsisted  at  remote  geoIou;ical  epocli? ;  ntid  the  wept  of  Scotland,  the  district 
in  which  he  resided,  offered  admirable  opportunities  for  hid  inquiries.  Ju 
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the  saaJstoae  cliffs  between  Gourock  and  Largs,  in  the  tmp- dykes  of  Cum- 
brae,  and,  indeed,  nearly  all  round  the  coast*;  of  tlie  Firtli  of  Clyde,  there 
was  unmistakcable  evidence  of  the  slow  jui  i  1  >np:<'oniiuu(  l  action  of  the 
sea;  and  the  bod-?  of  fossil  shells  found  at  various  f^Ievatinns,  and  remote 
from  the  present  coast,  obviously  d.'uionstrated  that  a  great  part  of  Scot- 
land had,  at  a  comparatively  late  j^eoloi^ical  period,  been  covered  l)y  the  sea. 
Tn  pursuinc^  his  researches,  ^Ir.  Smith  soon  jjcrceived  tlic  importauee  of 
carefully  com jnritiL'  flu:'  «he11s  of  the  livino:  ^?n"rics  of  molluscaiu  European 
and  Tnore  northern  seas  with  those  fotiml  in  thp  ^nporficial  deposits  of 
Srof!:in  1  wrw  known  as  post-pliocene  or  u;laciai  drift,  and  with  the  forms 
occurring  in  raised  beaches  and  other  later  formations.  These  resenrchcs 
he  conduct^  by  dredginp;  explomtioti-^  from  his  yacht.  In  this  iuvestiira- 
tiou  he  discovered  that  a  larsje  proportion  of  the  mollusks  whose  shells  are 
found  in  these  deposits,  but  do  not  now  exist  in  the  Clyde,  are  still  to  be 
found  livins;  in  the  arctic  seas.  This  led  him  to  the  coiirlnsion  announced 
to  the  Geological  Society  in  I83C,  of  the  existence,  before  the  ])rcsent  state 
of  thinp^s,  of  a  colder  climate  than  the  present — a  conclusion  which,  thouajh 
opposed  to  what  gcolo[ri^ts  had  previously  believed,  is  now  Tniiversally  ac- 
cepted. In  continuing  his  investigations,  ^fr.  Smith  f  )hiil1  reason  to  dis- 
tin2:uish  the  deposits  in  question  into  two,  in  the  older  of  which  a  consider- 
able proportion  of  shells  and  other  re  m  ains  had  belonged  to  nniinals  now 
extinct  in  our  latitudes,  but  in  the  later  of  which,  belonging  to  a  more  re- 
cent period,  every  one  of  the  shells  has  been  found  as  species  now  exist- 
ing, though  some  of  them  onlv  in  the  arctic  seas.  This  is  the  period  of 
long  repose  of  the  Innd,  at  a  depression  of  about  10  feet  below  the  sea, 
which  now  has  left  the  modern  shores  of  the  west  of  Scotland  friiviod, 
at  an  clevntion  of  10  (odi,  with  that  old  9ea-cliff  which  13  so  marked  a  lea- 
ture  in  its  scenery. 

From  1839  to  1816  the  health  of  members  of  l^ls  funilv  caused  Mr. 
Smith  to  reside  successively  at  Madeira,  (Jibraltar,  Lisi)  >n,  and  Malta,  and 
ralualde  geological  papers  on  each  of  those  localities  attest  the  zeal  with 
which  he  pursued  his  favourite  science. 

Ilis  residence  at  Malta  was  the  oecr.sion  of  the  remarkable  scries  of  inves- 
tigations bv  which  he  is  best  known  in  literature  and  theolosry.  These  were 
fir>t  published  in  1818  in  *  The  Voyage  and  Shipwreck  of  St.  Paul,  with 
Dissertations  on  the  Life  and  Writings  of  St.  Luke,  and  the  Ships  and 
Navigation  of  tlie  Ancients.' 

The  part  of  t.be  volume  which  relates  to  the  voyage  and  sliii>sM  ri  k  of  St. 
Pard  has  been  accepted  by  all  critics  and  theologians  wlio  have  since  written 
as  conclusively  settling  all  doubtful  and  contested  questions  as  to  the  nar- 
rative. This  work  is  a  remarkable  instance  of  originality,  ingenuity,  and 
sa^racity,  and  of  the  application  of  practical  knowledge  of  seamanship 
and  geology  to  the  elucidation  of  a  point  of  literary  and  theological 
interest. 

The  minute  study  of  the  writings  of  St.  Luke,  to  which  Mr.  Smith  was 
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ihuA  led,  conducted  Urn  to  a  Tiew  on  the  much-contested  question  of  the 
conneiion  of  the  first  three  Gospels,  which  was  first  publbhed  in  the '  Dis- 
sertation on  the  Life  and  Writings  of  St.  Luke/  to  which  we  have  referred, 
and  which  was  afterwards  worked  out  in  greater  detail  in  a  separate  *  Dis- 
sertation on  the  Origin  and  Connexion  of  the  Gospels*'  published  in  1853. 
On  this  subject  Mr.  Smith's  Tiew,  which  differs  from  any  preyionsljr  taken, 
though  not  accepted  to  the  same  extent  as  his  conclusions  respecting  the 
Yoyage  of  St.  Paul,  has  had  many  followers.  He  was  engaged  in  the  col- 
lection of  materials  for  a  more  extended  dissertation  on  the  same  sabject 
when  interrupted  by  his  last  illness. 

Mr.  Smith  was  a  member  of  many  scientific  societies — of  the  Royal 
Society,  the  Geological  Society,  and  the  Royal  Geographical  Society  of 
London,  and  the  Royal  Society  of  Edinburgh.  He  was  president  of  the 
(geological  Society  of  Glasgow  and  of  the  Archteological  Society,  and  was  for 
mauy  years  president  of  the  Andersonian  University  in  that  city,  and  was  un- 
wearied in  his  exertions  for  its  benefit,  and  for  th6  improvement  of  its  yaln- 
able  museum.  The  date  of  his  election  into  the  Royal  Sodety  is  Dee.  23, 
1830. 

Mr.  Smith  enjoyed  vigorous  health  till  the  spring  of  last  year,  when  a 
slight  stroke  of  paralysis  enfeebled  hb  body,  without  afi'ecting  his  mind.  A 
further  attack  towards  the  close  of  the  year  terminated  in  his  death  at  Jordan 
Hill  on  the  17th  of  January,  1867. 

Mr.  Smith  was  married  in  1809  to  Mary  Wilson,  granddaughter  of  Dr. 
Alexander  Wilson,  Professor  of  Astronomy  in  the  University  of  Glasgow. 
By  her,  who  died  in  1847,  be  bad  nint  cliildrcn,  of  whom  three  survive, 
— Archibald  Smith,  Esq.,  F.R.S.,  late  lu  II  >vv  of  Trinity  College,  Gani> 
bridge,  a  member  of  tbe  (/bancery  Bar,  and  two  daugbters. 

Sir  James  South,  born  in  October  1785,  was  the  eldest  son  of  an  emi- 
nent Pharmaceutical  Chemist  resident  in  Soutliwark.  Educated  at  a  pri- 
vate scbool,  be  acquired  a  fair  knowledge  of  Greek  and  Latin,  and  such 
eleraentarv  instruction  in  mathematics  as  was  current  in  those  davs.  On 
leaving  sciiool  he  commenced  tbe  study  of  surt^ei  v,  wbicb  be  chose  as  a 
profession  ;  combining  witb  it  tbat  of  chemistry,  in  wliicb  be  was  no  ordi- 
nary proficient.  In  due  time  be  became  a  member  of  tbe  College  of  Sur- 
geons, and  rose  rapidly  into  exLcnsive  practice.  Sir  A.  ('oopcr,  whuse 
dresser  be  bad  been  for  a  time,  believed  tliuL  il  In-  li;id  persevered  be  would 
have  been  one  of  the  mu^t  t  niim  ut  surgeons  of  his  time.  But  a  different 
fate  was  before  bim.  AVhilu  3  cL  a  boy  bis  curiosity  IhkI  hii  u  l  xcitcd  by  a 
singular  erection  on  the  roof  of  a  bouse  near  his  lather's,  and  be  contrived 
to  get  actpiainttd  with  iL^  owner.  This  was  lluddart,  an  cugiueei  ol  dis- 
tinguisbed  talent;  known,  among  other  inventions,  by  machinery  for 
making  ro])es  in  wbicb  every  fibre  bears  an  eijual  strain.  Tbe  structure 
was  a  dome  for  containuig  the  etpiatoreal  wbicb  afterwards  became  famous 
by  his  and  Sir  John  Herticbei^s  observations  uf  double  stars.    The  ideas 
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i^rliich  he  got  from  his  visits  to  Iluddnrt  were  not  lost ;  and  as  soon  as  he 
•was  able,  he  procured  a  (i-iucU  ^Jifgoiiua  with  \vhi(!]i  he  observed  eclijiscs, 
occultations,  and  looked  at  double  stars.    Observiuij  soon  became  a  pas- 
sion ;  and  when,  in  18 IG,  hid  marriage  with  a  lady  who  brouglit  him  a 
couaiderable  fortune  made  him  no  longer  dependent  on  his  professional 
work,  he  resolved  to  devote  himself  to  astronomy.  He  began  by  constructing 
at  liis  house  iu  Blackmail  Street  a  luai^'nificent  observatory.    After  the  death 
of  Huddurt  he  purchased  the  etj^uaLoreal  vsliieli  liad  been  his  first  inspirer ;  a 
fine  transit  instrument,  which  he  described  in  the  Philoso))hical  Transactions 
for  1826,  was  soon  added  ;  and  a  circle  was  iu  progress.    His  zeal  for 
astronomy  and  his  personal  character  won  the  regard  of  such  men  a-^  I)nv\% 
Wollaston,  Kater,  Babbage,  Baily,  the  two  Herschcls,  and,  at  a  luLiv  ju  i  i  xl, 
Faraday  and  Lord  Rosse  ;  and  his  house  was  a  centre  of  scientific  reunion. 
He  took  an  active  part  in  the  formation  of  the  Astrououiical  Society;  and, 
in  conjunction  with  Baily,  exjiuicd  tlie  defects  of  the  'Nautical  Almanac' 
so  effectually,  tliat  al  ter  some  years  of  discussion  it  was  brought  to  its  pre- 
sent excellence  in  accordance  with  the  recommendations  of  a  committee,  of 
which  he  was  the  chainnan.   From  1821  (when  lie  became  a  Fellow  of  the 
Ruval  Society;  till  182  1  he  worked  with  Sir  John  Ilerschcl  in  forming  the 
Catalogue  of  380  double  stars  which  (with  a  descrij)tion  of  the  eqnatoreal) 
appears  iu  the  Transactions  for  182.").   For  this  they  obtained  conjointly  the 
medal  of  the  Institute,  andlill  the  publication  of  Struvc's  Dorpat  Catalogue 
it  was  quite  unrivalled.    During  its  progress  it  becuiuc  too  evident  that  the 
smoky  atmosphere  of  the  Borough  was  ill  suited  for  delicate  observations  ; 
and  he  transported  another  eqnatoreal  to  Passy,  near  Paris,  where  he  ex- 
pected to  find  a  purer  sky.    He  resided  there  more  than  a  year,  enjoying 
the  society  of  those  "  men  of  renown,"  of  whom  the  chiefs  were  Arago, 
Humboldt,  and,  above  all,  Laplace,  whose  scepticism  about  the  orbits  of 
double  stars  he  had  the  pleasure  of  removing  by  showing  him  the  angular 
motion  of  70  Ophiuchi,  the  components  of  which  were  then  near  their  least 
difCance.    The  fruits  of  this  sojourn .  appear  in  the  TniikBactions  for 
1826  aa  an  additional  catalogne  of  458  double  stars,  for  wbich,  and  his 
paper  ''On  the  Sun's  Eight  Ascension,"  he  was  awarded  tlie  Copley 
medal  of  that  year  and  the  gold  medal  of  the  Aatronomicfll  Society.  On 
his  retam  to  England  he  purchased  a  property  at  Kensington,  where  he 
was  free  from  smoke,  not  foreseeing  (ihougli  many  people  who  ought  to  have 
known  better  supposed  him  to  be  an  Astrologer)  that  be  sbould  lire  to 
see  it  in  tbe  beart  of  a  dense  population.  Tbeie,  of  course,  he  built  a 
magnificent  obaervatoiy,  tbe  finest  private  one  probably  tbat  ever  emted. 
It  was  now  increased  by  tbe  pnrcbase  of  Groombridge's  meridian-drcK  to 
wbicb  he  had  eight  additional  microscopes  applied  by  its  maker,  and  by 
a  Taloable  clock,  the  gift  of  tbe  King  of  Denmark.  By  this  time  tbe  labours 
of  Guinand  on  optical  glass  bad  made  it  possible  to  construct  object-glasses 
of  a  size  till  then  unattainable ;  and  he  determined  to  procure  one  of  the 
highest  power,  and  pursue  with  bis  whole  energy  the  career  on  which  he 
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had  10  siicoessfully  entered.  For  this  work  he  was  highly  giiled  ;  he  had 
a  keen  eye,  a  steady  liand,  great  power  of  bearing  fatigue  and  wnnt  of  slee]*, 
prompt  decision  in  catching  a  bisection,  and  boundless  enthusiasm*  Fraun« 
hofer,  to  whom  he  applied  in  the  first  instance,  declined  giving  him  an 
object-glass  without  also  supplying  its  e(iuatoreal.  It  would  have  been  a 
happy  thing  for  him  liad  lie  accepted  this  proposal ;  but  he  had  no  faith 
in  any  instrument  maker  but  Troughton,  whom  he  worshipjied  with  all  the 
intense  devotion  of  his  impulsive  character.  He  looked  elsewhere : 
Cauchoix  had  completed  n  12-nich  object-glass,  about  which,  in  1829y  he 
was  chafTering  with  the  French  Gnvernment ;  South  heard  of  it,  went  orer 
to  Paris,  tried  it,  paid  the  oj)tI(  iim  the  price  wh'wh  lie  demanded,  and 
started  with  it  next  morning  on  his  way  to  En^lan  1,  f  o  the  trrcat  difgupt  of 
Arago  that  it  was  lost  to  France.  But  it  was  a  fatal  acquisition.  Trough- 
ton  was  of  course  charged  with  the  conatruction  of  the  equatoreal ;  and  a 
dome  for  contnining  it  was  also  commenced.  Unhappily,  both  of  thera 
were  planned  without  much  respect  for  the  elementary  principles  of  engi- 
neering, the  first  especially ;  and  though  Mr.  Babbagc  and  others  pointed 
out  to  him  its  utter  weakness,  be  mr  rely  answered,  "  It  is  designed  by 
Troughton."  He  had  no  knowledge  of  mechanical  science,  and  had  unli- 
mited faith  in  Troughton's  infallibility,  As  was  foretold,  the  instrument 
was  a  failure  ;  and  though  many  attempts  were  made  to  correct  the  inhe* 
rent  vires  of  its  frauiing,  they  were  only  partially  successful.  The  result 
was  a  deadly  qunrr  '  between  the  two  friends  (which  perhaps  might  have 
been  healed  but  for  the  intervention  of  other  personal  animositiesX  * 
litigation,  which  after  a  run  of  four  years  was  decided  in  a  way  unsatisfac- 
tory to  both  parties,  most  so  to  South.  The  dome  was  also  a  failure ;  in 
general  it  required  four  or  five  men  to  move  it ;  sometimes  it  stuck  fast  1 
The  loss  of  full  ^8000  thus  spent  without  any  useful  result  was  itself  a 
misfortune ;  hut  it  was  as  nothing  in  comparison  of  the  evil  influence  which 
these  transactions  exerted  on  his  character.  The  feeling  that  his  confidence 
had  been  misplaced,  that  the  friendship  which  had  been  his  ruling  passion, 
and  which  he  still  cherished,  was  changed  into  bitter  hate,  made  him  sus- 
picious and  irritable ;  and  he  lost  that  reliance  on  the  trnthfiilness  and 
honesty  of  others,  without  which  life  becomes  a  desert.  By  degrees  this 
left  him  in  an  isolation  from  many  old  and  true  friends ;  and  also,  as  a  ne- 
cessary consequence,  deadened  his  love  of  science,  which,  like  all  other 
good  things^  is  strengthened  by  sympathy.  And  he  had  no  Icnger  a  defi- 
nite pursuit ;  he  could  not  resolve  to  adopt  any  practicable  form  of  equa- 
toreal, though  Lord  Bosse  oflTered  to  design  and  even  to  make  one  for  him ; 
and  during  the  years  that  were  wasted,  the  harvest  of  double  stars  which 
be  had  hoped  to  reap  was  gathered  by  Sir  J.  Herschel,  the  two  Stnives, 
Bond,  and  others.  This  object-glass,  while  in  his  possession,  made  only 
one  discovery,  the  sixth  star  in  the  trapeaium  of  Orion ;  and  remained 
useless  till  he  gave  it  to  the  Dublin  Observatory  in  1862,  when  Lord  Rosse 
was  elected  Clianeellor  of  that  University.  In  the  hands  of  Dr.  Briinnow 
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it  will  doubtlesB  be  well  employed.  South,  howerer,  still  worked  with  hii  me* 
ridiui  inetruments ;  among  other  thiugs  he  obBcnred  •  coniiderable  niiin- 
ber  of  stars  with  the  Groorabridge  circle,  and  the  results  are  probablj  Tain- 
able,  aa  each  obserTation  was  direct  and  reflected  on  the  same  night  with 
twelve  microscopes.  He  for  some  rears  carried  on  an  elaborate  series  of 
experiments  on  clocks  to  ascertain  their  performance  tn  vacuo,  the  air'a  n* 
sistance  to  pendidams,  the  influence  of  various  modes  of  Sttipending  them» 
and  tlic  effect  of  screens  in  their  vicinity.  These  are,  it  isbelieved>  all  pre* 
aerred,  and  maj  perhaps  he  published.  Another  object  to  which  he  devoted 
much  research*  was  the  disturbance  which  might  occar  to  an  observatorjfrom 
the  victnitj  of  a  railroad ;  and  an  aoconnt  of  his  observations  at  Watford 
respectmg  it,  which  appears  in  our  Proceedings  for  186%  was  his  last  con* 
tribution  to  science.  For  some  years  before  hb  death  his  hearing  and 
sight  were  almost  entirely  lost,  and  this  helpless  condition  was  made  more 
alBicting  bymuch  bodily  saffering,  from  which  he  was  released  onOctober  1 9^  . 
1867.  He  was  knighted  in  1831  by  William  IV.,  with  whom  he  was  a  favo* 
rite.  He  was  one  of  the  original  Visitors  of  Greenwich  Observatory,  and  a 
Member  of  the  Astronomical  Society,  the  Linnean,  the  Royal  Society  of 
Edinbnigh.  Royal  Irish  Academy,  and  of  several  otbert.~T.  R.  R. 

JosxFH  ToTNBBB,  wcll  known  as  an  eminent  Anral  Snrgeon,  waa  dis- 
ttngnished  for  the  remarkable  industry  with  which  he  strove  to  give  a 
scientific  character  to  the  branch  of  medical  practice  to  which  he  had  de> 
voted  himself.  He  was  bom  at  Heckington,  in  Lincolnshire*  and  died  at 
his  professional  residence,  in  London,  on  the  7th  of  July,  1866,  in  the 
fifty-first  year  of  his  age. 

After  completing  his  education  at  Lynn,  Mr.  Toynbee  was  articled  to 
Mr.  Wm.  Wade,  of  the  Westminster  General  Dispensary,  and  afterwards 
became  a  pupil  at  St.  George's  Hospital.  Having  early  exhibited  a  taste 
for  anatomical  pursuits,  he  was,  whilst  still  young,  appointed  Assistant 
Curator  in  the  Museum  of  the  Royal  College  of  Surgeons.  Soon  after 
this,  hb  love  of  anatomical  inquiry  displayed  itself  in  a  microscopic  inves- 
tigation, the  results  of  which  were  embodied  in  a  paper  read  before  the 
Royal  Society,  and  published  in  the  Philosophical  Transactions  for  1841, 
entitled  "Researches  tending  to  prove  the  Non-vascnlarity  of  certain 
Animal  Tissues,  i^nd  to  demonstrate  the  peculiarly  uniform  mode  of  their 
Organisation  and  Nutrition."  This  memoir,  though,  when  viewed  by  the 
light  of  recent  histology,  of  bnt  limited  scope,  was  a  real  contribution 
to  science  at  the  period  of  its  publication. 

In  bis  subsequent  labourSi  Mr.  Toynbee  turned  his  attention  exdusively 
to  the  Anatomy,  Physiology  and  Wthology  of  the  Organs  of  Hearing. 
Thus  he  contributed  to  the  Meetings  of  the  Royal  Society  four  papers, 
bcsring  the  followuig  titles : — 1 .  "  On  the  Structure  of  the  Membrane 
Tj mpani  of  the  Human  Ear'*  (1850).  2.  •<  On  the  Function  of  the  Mem- 
brsna  Tympani,  the  Ossicles  and  Muscles  of  the  Tympanum,  and  of  the 
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Eustachian  Tube  iu  the  Human  Eir,  with  an  Account  of  the  Muscles  of 
the  Eustachian  Tube,  and  their  Action  in  different  Classes  of  Animnls" 
(1852).  3.  "On  the  Muscles  which  open  the  Eustacbiau  Tube  "  (1853). 
4.  "On  the  Mode  in  which  Sonorous  Vibrations  are  conducted  from  the 
Membrana  Tympaui  to  the  Labyrinth  in  the  Human  Ear'*  (1859).  The 
first  of  the  above-named  memoirs  was  published  in  the  Philosophical 
Transactions  for  1851  ;  whilst,  of  the  other  three,  records  will  be  fouodin 
the  Society*s  *  Proceedings.' 

In  iuTestigating  the  pathology  of  the  ear,  Mr.  Toynbee  proceeded  by 
ooUectiog  a  very  large  number  of  specimens  of  the  human  temporal 
bones  and  their  contained  parts,  both  healthy  and  diseased.  The  morbid 
specimens,  said  to  number  nearly  1700,  were  described  by  him  in  nume- 
rous contributions  to  the  Royal  Medical  and  Chirurgical  Society,  to  the 
Pathological  Society,  nnd  to  various  journals.  Besides  this,  he  published 
an  interesting  'Descriptive  Catalogue  of  Preparations  illastrative of  r*! 
seases  of  the  Bar  in  his  Museum/  and  also  a  systematic  work  on  *  The 
Diseases  of  the  Ear ;  their  Nature,  Diagnosis  and  Treatment,^  besides  oe« 
casional  *'  Lectures  "  on  the  same  subject. 

He  was  for  some  time  Sux^on  to  the  St.  George's  and  St.  James's 
Dispensary,  and  was  engaged  in  the  general  practice  of  Surgery ;  but, 
whilst  retaining  the  title  of  Consulting  Surgeon  to  the  above-named  Initi- 
tution,  he  soon  devoted  his  time  and  energy  to  Aural  Surgery  alone,  in 
which  department  of  his  profession  he  gradually  acquired  a  wide-spread 
reputation,  his  practice  aa  an  Aurist  ultimately  becoming  yery  large*  He 
was  Consulting  Aural  Surgeon  to  St.  Mary's  Hospital*  and  to  tlie  Asylum 
for  the  Deaf  and  Dumb. 

Mr.  Toynbee's  premature  and  sudden  death  was  caused  by  the  inbala* 
tion  of  chloroform*  on  the  possibility  of  introducing  which  powerful 
agent  into  the  tympanic  cavities  through  the  Eustachian  tubes  be  hid 
long  been  ezperimentmg.  He  was  found  dead  on  his  sofa,  in  hia  consult- 
ing-room in  Savile  Row,  with  cotton-wool  over  his  face*  and  a  chlorofcfm 
bottle,  his  open  watch,  and  various  memoranda  of  experiments  lying  near 
bim.  It  is  but  just,  and  it  may  be  useful,  to  remark,  that,  while  he  doubt* 
less  fell  a  sacrifice  to  his  experimental  seal,  the  deplorable  event  is  in  all 
probability  to  be  ascribed  to  the  extreme  imprudence  of  inhaling  chlo- 
roform when  alone  and  unattended. 

The  subject  of  this  brief  notice  was  a  man  of  enlightened  intellect, 
quick  temperament,  and  energetic  habits,  of  enlarged  views,  ciUtivated 
taste,  and  benevolent  disposition.  In  connexion  with  the  St.  George's 
and  St.  James's  Dispensary,  he  founded  a  Samaritan  Fund  to  provide 
the  sick  poor  with  bread,  soup,  wine,  flanneb,  and  coals,  and  also  the 
means  of  ventilating  their  apartments.  Ue  was  not  only  an  active 
Treasurer  to  tlie  Medical  Benevolent  Fund,  but  was  an  anonymous 
donor  to  it  of  the  munificent  gift  of  ^500.  He  advocated  the  establish- 
ment of  local  museums,  libraries,  and  institutes,  the  better  edacation  of 
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the  working:  classes,  and  the  improvement  of  the  dwellings  of  the  poor  ; 
and,  at  one  time,  spent  much  time  and  money  in  furtherance  of  such  ob- 
jects and  purposes.  He  was  vigorous  and  lively  iu  both  his  professional 
lectures  and  hia  more  jjojiuhir  " lecturettes/*  as  he  himself  preferred  to 
call  them.  His  neiL^hbours  and  friends  at  Wimbledon,  where  he  latterly 
resided,  fully  ajipreciated  his  excellent  public  and  social  qualities.  The 
date  of  his  election  iuto  the  Rojral  Society  is  March  10,  1842. 

Robert  Warington  was  born  on  the  7th  of  September,  1807,  at 
Sbeerness,  where  his  father,  Thomas  Warington,  who  was  a  victualler  of 
ships,  then  resided.  He  was  educated  at  Merchant  Taylors'  School,  and, 
being  intended  ibf  a  land-surveyor,  he  was,  on  leaving  school,  set  to  learn 
thai  business,  but,  after  a  few  mouths,  abandoned  it  iu  favour  of  chemistry, 
which  he  studied  as  the  house  pupil,  and  subsequently,  in  1822,  the  arti- 
cled apprentice  of  Mr.  J.  T.  Cooper,  then  a  well-kuowu  lecturer  and  ma- 
nufacturing chemist. 

On  the  of>ening  of  the  London  University  (now  University  College)  in 
1828,  Mr.  Warington,  luiving  served  his  time  with  Mr.  Cooper,  was 
chosen  by  the  Professor  of  Chemistry,  Dr.  Edward  Turner,  to  be  his 
assistant.  Iu  that  capacity  he  continued  at  the  CoIIee:c  for  three  years, 
during  which  period  he  coTnuiuuicatcJ  to  the  Piiil()so})liical  Magazine  his 
first  published  research,  entitled  "Examiuuliou  of  a  Native  buiphutct  uf 
Jiismuth.** 

In  1831,  Messrs.  TininAii,  Hanbury  and  Buxton,  desiring  the  services 
of  an  able  young  chemist  in  their  great  brewing  establishment,  engaged 
Mr.  Waringtun,  on  the  recommeuduUou  ui  Dr.  Turner,  and  witli  them  he 
remained  till  1839.  His  connexion  with  the  l^rewery  did  not  piivcnt  his 
independent  pursuit  of  chemibLiy,  and  tkuiug  this  j)criod  he  contiibut.  J 
papers  to  the  Philosophical  Magazine,  "  On  the  Establishment  of  a 
System  of  Chemical  Symbols"  (Sept.  1832),  and  **Oa  the  Action  of 
Chromic  Acid  upon  Silver"  (Dec.  1837). 

On  the  diath  i  f  Mr.  Ilennell  iu  1842,  Mr.  Warington  was  appointed 
Chemical  Operalui  to  the  Society  of  Apothecaries,  a  position  he  con- 
tinued to  hold  till  about  a  year  before  his  death.  His  professional 
engagements  now  became  numerous,  and  he  was  much  employed  as  a 
scientific  witness  or  adviser  in  important  cases  coming  before  the  Courts 
of  Law. 

Mr.  Warington's  scientific  activity  manifested  itself  in  various  ways. 
In  1841  he  took  an  important  part  in  the  establishment  of  the  Chemical 
Society,  and  became  one  of  the  origmal  Secretaries,  which  post  he  held 
for  ten  years.  He  was  one  of  the  promoters  of  the  Royal  College  of  Che- 
mistry ;  and  he  took  part  in  the  formation  of  the  Cavendish  Society,  and 
held  the  office  of  Secretary  for  three  years.  He  was  Chemical  Referee  of 
four  of  the  principal  gas  companies  of  the  metropolis.  He  served  as  Juror 
in  the  Chemical  Section  of  the  International  Exhibition  of  1862,  and  was 
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appoiuiLil  to  a  -iniihir  ortice  in  the  Paris  Exhibition  df  ISQ7,  but  Wll  in- 
able  to  discharge  the  duty. 

Mr.  Warington's  scientific  acquaintance  with  Pharmacy,  and  the  hatgd 

expcriuucc  lie  iiiul  acquired  in  the  practice  of  the  art,  led  to  hit  being 
employed  ia  revising  ihe  translation  of  the  London  Pharmacopoeia,  left 
uiifiLni.-'licd  by  Mr.  PhiUips,  and  in  aiding  in  the  construction  of  the 
Phannacupujia  of  1851.  For  a  like  reason  he  was  consulted  by  the 
Committee  ap))ointed  to  prepare  the  British  Pharmacopoeia  of  1864, 
and  undertook  a  still  more  important  share,  along  with  Mr.  Redwood,  in 
the  preparation  of  the  British  riiarmacopana  of  1867,  although  his  failing 
health  allowed  him  but  partially  to  pcrturin  liis  task. 

Amid  these  varied  lab^iurs  of  his  active  and  useful  life,  Mr.  Waring- 
ton  continued  to  furnish  nunicrous  contributions  on  chemical  and  pharma- 
ceutical subjects,  to  the  Memoirs  and  Quarterly  Journal  of  the  Chemical 
Society,  the  Philosophical  Magazine,  and  other  periodical  works.  To 
the  Transactions  of  the  Microscopical  Society,  of  which  he  was  an 
efficient  member,  he  contributed  several  papers,  and  he  \\as  the  iuveutor 
of  a  portable  microscope,  which  has  been  favouralily  spoken  of. 

A  subject  of  more  general  interest,  which  furnished  an  agreeable  and 
instructive  study  to  ^Ir.  Wnrinjiton  for  many  years,  was  the  mode  of  life 
of  aqurttic  animals  aiul  jilants  preserved  in  the  aquarium;  and  especially 
the  maiutenance  in  a  limited  quantity  of  unrenewed  water  of  the  chemical 
conditions  necessary  to  their  existence,  through  the  mutually  compensa- 
ting operations  of  animal  and  vegetable  organisms  upon  the  medium 
they  inhabit.  The  results  of  his  observations  were  published,  from 
time  to  time,  for  the  most  part  in  the  *  Annals  of  Natural  History,' 
and  also  furnished  the  subject  of  a  Lecture  delivered  by  Mr.  Waringlon 
at  oue  of  the  Friday  Evening  Meetings  of  the  Royal  Institution.  The 
latest  yield  of  these  long-continued  researches  which  he  lived  to  make 
known,  forms  the  subject  of  a  valuable  and  interesting  paper  "  On  some 
Alterations  in  the  Composition  of  Carbonate-of-Lime  Waters,  depending  on 
the  Influence  of  Vegetation,  Animal  Life,  and  Season,"  communicated  to 
tile  Koyal  Society  within  a  mouth  of  hia  death,  and  pubUahcd  in  the 
*  Proceedings  '  of  December  i<S()7. 

In  1835  Mr.  Warington  married  Miss  Elizabeth  Jackson,  by  whom 
he  has  left  a  family.  He  was  elected  a  Fellow  of  the  Royal  Society  in 
June  1864  ;  he  died  at  Budleigh  Salterton,  iu  the  county  of  Devon,  on 
the  1 2th  of  November  1867. 

Mr.  Warington  was  remarkable  for  his  varied  taste  and  constant  acti- 
vity as  an  observer ;  he  may  be  said,  indeed,  to  have  passed  from  one 
subject  to  another  with  too  great  a  facility,  and  consequently  his  com- 
pleted investigations  bear  but  a  very  small  proportion  to  the  number 
of  subjects  he  had  continuallv  under  rxaminutioii.  lie  was  of  an  exceed- 
ingly cheerful  and  genial  disposition,  and  a  man  of  Bimpie  unaffected 
piety. 
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The  BiTXBm  William  Whiwxll,  D.D.,  UU  MmUt  of  Trinity  Col- 
lege, Cambridge,  and  »  Fellow  of  this  Soeietj,  wm  bom  on  the  84tli  of 
May,  179li«  His  career  affords  one  more,  uid  a  teiy  striking  iUustmtion 
in  addition  to  tbose  wbicb  tbe  biographieal  annala  of  our  eoontry  so  abun*. 
dantlf  pNsent,  of  wbat  nuj  almost  be  regarded  aa  tibe  normal  progress 
from  an  origin  altogether  devoid  of  eitemal  advantages,  and  in  the 
humbler  walks  of  life,  to  eminence  and  distinction  as  wdU  as  social  posi- 
tion, wrought  out  bjr  innate  talent  rendered  effective  bj  energy  and 
persevering  application,  snd  sustained  by  high  moral  qualities*  Beyond 
hia  immediate  parents,  little  is  known  of  his  fionily.  His  fiitiier,  a  man 
of  probity  and  intelligence,  pursued  the  celling  of  a  joiner  or  house* 
carpenter  in  Lancaster.  His  mother  appears  to  have  been  a  poson 
not  only  of  excellent  principle  and  good  sense,  but  of  some  considerable 
mental  culture.  Their  family  consisted,  besides  himself,  of  a  brother 
who  died  at  an  early  age,  and  three  sisters.  His  own  health  in  early 
youth  was  feeble,  and  afforded  no  prognostic  of  the  robust  frnme  and 
stalwart  vigour  which  so  strikingly  oharacterioed  hia  manhood.  On  the 
other  hand,  from  his  earliest  years  he  manifested  a  remarkable  fondness 
for  reading,  and  exhibited  such  general  promise  of  future  ability,  as  in* 
duced  hia  parents  to  rcmoTO  him  from  the  Grammar  School  in  Lau- 
ca.''ter,  where  he  received  the  first  rudiments  of  instruetion,  to  that  of 
Heversham,  where  he  might  obtain  the  advantage  of  an  Exhibition  for 
admission  to  Trinity  College,  the  Vicarage  of  Heversham  being  in 
the  gift  of  that  body.  This  he  secured,  and  was  in  consequence  ad- 
mitted at  that  College  as  a  sub-Bi/.ar  iu  the  October  term  of  1812,  and 
was  subsequently  elected  as  a  full,  or  foundation  sisar,  and  obtained  a 
scholarship.  In  1816  he  graduated  as  second  Wrangler  and  Smith's 
Prizeman,  the  first  honours  being  carried  off  by  a  competitor  (Mr« 
Jacob  of  Caius  College)  by  whom  to  have  been  surpassed  could  no  way 
be  ecmsidered  as  a  defeat.  His  undergraduateship,  meanwhile,  liad  been 
distinguished  by  obtaining  the  Cbanecllor's  prize  in  1813  for  the  best 
£ngHsh  Poem  on  the  subject  of  Boadicca — a  spirited  production,  which 
may  be  read  with  pleasure  as  something  beyond  a  college  exercise,  and 
evidencing  that  strong  vein  of  poetical  talent  which  showed  itself  on 
many  subsequent  occasions. 

In  the  Tear  following  his  graduation  at  B.A.,  he  was  elected  a  PeUow 
of  bis  College  with  whoso  interests  and  glory  he  ever  afterwards  con* 
sidered  his  own  as  identified,  and  was  very  soon  engas:ed  in  lecturing  in 
3fatlicinatic8  as  assistant  tutor,  and  aabsequently  in  1823  as  full  tutor 
of  one  of  the  "  sides  "  of  that  numerous  establishment,  the  tutor's  chair 
on  the  other  "side"  being  filled  by  Dr.  Peacock,  afterwards  Dean  of 
Ely.  This  important  office  he  filled  during  the  ensuing  sixteen  years, 
being  joined  in  the  performance  of  its  duties  during  the  last  six  ^ith 
the  Eev.  Charles  Perry,  afterwards  Bishop  of  Melbourne.  Soon  alter 
taking  hia  Master  of  Arts*  degree,  he  entered  into  iioly  orders^  and  in 
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due  course  graduated  n>  Doctor  of  Divinity.    He  accepted  no  College 
living,  however,  or  specinl  cure  of  suuls — not  from  any  want  of  appre- 
tiatiou  of  the  importance  of  the  niluif*terial  ofBee.  or  doubt  of  his  own 
aptitude  for  its  exercise,  but  from  a  conscientious  persuasion  that  his 
true  sphere  of  utility  would  be  found  m  the  cutire  devotion  of  hia 
powers  to  the  furtlieranco  of  the  objects  of  the  University  as  a  place  of 
education,  and  to  the  improvement  of  itr?  system  of  instruction  in  those 
great  bmnches  of  nieutai  culture  in  wliieh  it  was  beginning  to  be  felt 
at  that  epoch  that  such  improvement  was  not  only  possible,  but  largely 
needed.    Sucli  prospects  we  have  seen  amply  realized;  but  it  should 
not  be  forgotten  for  the  eicdit  of  that  illustrious  establishment,  that 
the  movement  in  advance  then  making  originated  within  itself,  andwaa 
in  no  way  forced  upon  it  by  any  pressure  from  without.  Thence- 
forward, then,  his  career  may  be  considered  as  identified  with  the  jrreat 
cause  of  University  improvement,  and  iu  a  larger  and  more  expali^:vo 
point  of  view  with  that  of  philosophical,  moral,  and  religious  ciUturc  in 
the  widest  and  becit  accejitation  of  the  words. 

During  the  period  when  he  was  pursuinc^  liis  studies  at  Cambridge, 
the  iniuhematical  department  of  the  Universuy  on-ricidum  was  iu  wliat 
might  be  called  a  transitional  state.  A  perception  had  begun  to  be 
entertained  of  the  absolute  necessity  of  including  within  its  range  a 
knowledge  of  thotso  powerfid  methods  of  investigation  so  familiar  to  the 
Continental  mathematicians,  but  which  could  hardly  bo  said  to  be 
known  in  England,  and  which  at  Cambridge  liad  by  some  even  been 
regarded  with  dialike,  as  iiuiovatioual.  lu  this  latter  feeling,  in  common 
witli  most  of  its  yotmger  members,  he  was  far  from  participating,  but 
on  the  contrary  waa  only  desirous  to  forward  the  movement  which  he 
saw  commencing. 

About  the  period  when  he  entered  on  bis  tutorial  duties,  a  very 
general  sense  had  come  to  be  entertained  of  this  necessity  ;  but  a  great 
obstacle  to  the  introduction  of  au  improved  course  of  mathematical 
reading  existed  in  the  absence  of  elementary  works  in  oui*  own  lan- 
guage adapted  for  the  purpose  of  \ini\ersitY  teaching,  in  which  the 
principles  of  the  analytical  methods  as  applied  to  plnsiral  subjects 
were  exhibited,  and  a  yet  gi'eattn*  in  the  utterly  unpinlosuphical  and 
inadequate  mode  of  treatment  in  what  were  termed  "the  branches*' 
current  iu  the  University.    The  jirimary  dilliculty  had  been  removed 
by  the  translation  by  l*eacoc!v  and  his  coadjutors  of  the  treatise  of 
Lacruix  on  the  dilTerential  and  integral  calculus  published  in  1816,  and 
followed  by  a  cojn'fnis  collection  of  examples  illustrative  of  its  applica- 
tion to  problems  of  pure  mathematics  and  the  tlieory  of  curves  in  1S20, 
Put  the  want  of  readable  elementary  works  iu  all  the  branches,  and 
especially  in  that  of  dynamics,  such  as  might,  as  it  were,  break  the 
abruptness  of  the  transition,  and  bridge  over  the  interval  between  the 
modes  of  treatment  oi  that  subject  in  the  ^  Priiicipia '  of  Kewton  and 
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in  tlie  modern  analytical  proccsfcs,  wns  severely  felt.  Accordingly  ^ve 
find  him  iu  the  period  of  his  tutorship,  from  itn  very  commcnccmt  tit, 
engas^ed  in  the  production  of  a  number  of  elementary  treati;^e.s  devoted 
to  tins  object,  aad  to  couveyiug  the  primury  principles  of  meehauical 
philosophy  in  a  sound  and  logical  form,  as  well  as  to  aftbrding  an  insight 
into  the  modern  ways  of  handling  tliem,  such  sua  his  *  Elementary 
Treatise  on  Mechanies'  (IslO) ;  Ids  '  Treatise  on  Dynamics '  (1823)  ; 
his  '  Introduction  to  Dynamics,*  *  First  Principles  of  Mcciiauics,'  and 
'Treatise  on  the  free  motion  of  a  Point  and  on  Universal  Gravitation  ** 
(1832);  his  '  Jncmentary  Treatise  on  Mechanics,'  and  'Analytical 
Statics'  (1833),  ■,uid  his  '  Mechanical  Kuclid'  (1837).  Of  thc^^e  works, 
the  first  mentioucd  has  been  considered  by  one  excellenil}  tjualiUed  to 
judge  of  its  meritd  as  "  a  work  of  great  value,  and  very  fur  in  advance  of 
any  then  existing  text-book,  for  the  clearness  and  correctness  of  its 
treatment  of  bodies  in  contact,  and  in  the  precision  with  which  the 
asBumptioDB  involved  in  the  laws  of  motion  and  the  composition  of  forces 
are  rtated,  and  illustrated.*'  At  the  end  of  tlie  last  named  (the  Me- 
cbaiiical  Endid)  is  attached  a  section  "  on  the  Logic  of  Induction/*  in 
which  the  leading  idea  whidi  forms  the  foundation  of  his  great  work  on 
the  Philosophy  of  the  Inductive  Sciences,  published  three  years  later, 
yis.  that  Induction  consists  in  tuperktdveinff  upon  an  assemblage  of 
observed  phenomena»  a  conception — the  creation  of  the  mind,  which  is 
not  in  the  phenomena,  but  which  serres  to  bind  them  under  a  common 
aspect,  and  so  give  them  an  ideal  unity — ^is  anticipatorily  introduced. 

By  these  works,  and  by  the  influence' which,  as  moderator  in  the 
years  1820, 1828,  and  1829,  he  was  enabled  to  exercise  on  the  course  of 
the  examinations  for  degrees,  he  contributed  materially  to  that  im- 
proToment  he  so  much  deisired  to  see  established  in  the  mathematics  of 
the  University. 

It  would  give  but  a  very  inadequate  ideai  however,  of  the  extent  of 
his  readiDg  and  of  his  extraordinary  intellectual  progress  at  this  period 
of  his  life,  to  measure  them  by  these  productions.  A  more  wonderful 
variety  and  amount  of  knowledge  in  almost  every  department  of  human 
inquiry  was  perhaps  never  in  the  same  interval  of  time  accumulated  by 
any  man ;  embracing  not  only  Mathematical  and  Physical  Science  in 
all  its  forms,  but  extending  over  Classical  and  Continental  literature, 
Metaphysics  and  History,  Ethics,  Social  and  Political  Economy,  together 
with  Botany,  Architecture,£Dgineering,  and  a  host  of  other  subjects — and 
that  not  by  merely  a  general  and  superficial  acquaintance,  but  one  which 
an  exact  and  conscientious  application  such  as  most  men  devote  to  some 
&vourite  brandi  of  study,  alone  can  give.  Nothing  short  of  Buch  a  store 
of  precise  and  varied  information  could  have  qualified  him  for  the  pro- 
duction of  those  great  works  on  the  History  and  on  the  Philosophy  of 
the  Inductive  Sciences  which  have  placed  his  name  among  the  brightest 
in  the  annals  of  our  Philosophy,  and  the  former  of  which  appeared  in 
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the  year  1887,  during  the  contmusnce  of  his  tutonliip,  and  the  Ifttter 
Ibbottt  three  yearn  later.  These  worki  were  preceded  (in  1S83)  by  his 
Bridgewater  Treatise '  On  Astronomy  and  general  physies  emistdmd  in 
reference  to  Natural  Theology.'  But  that  a  great  change  in  his  Tiews 
as  to  the  origin  of  our  fiindaniental  axioniB  must  have  taken  place  be- 
tween the  production  of  these  and  the  Isst-mentioned  work,  may  be 
inferred  from  a  remarkable  passage  in  that  Treatise*,  in  which  he  di- 
stinctly refers  the  origin  of  even  the  axioms  of  Mathematics  to  ezperi* 
enoe,  t.  0.  to  a  alow  process  of  inductive  obserration,  growing  witii  our 
growth,  and  not  to  any  innate  ^  priori  intuition. 

Br.  Whewell  was  one  of  the  foundera  of  the  Cambridge  FniYerstty 
PhilosophiesI  Society,  whoae  initiation  dates  from  Norember  IIS,  1819, 
its  first  Meeting  for  the  election  of  0£Bcers  being  held  on  December  18 
of  that  year,  when  Professor  Parish  was  chosen  President,  and  Dr. 
Whewell  was  placed  on  the  list  of  its  Council.  In  1820  he  contributed 
his  first  paper  to  its  Transactions,  On  the  position  of  the  Apsides  in 
orbits  of  great  ezcentricity."  To  the  Transactions  of  this  body  he 
eontmued  to  contribute,  up  to  within  a  short  period  of  his  death,  papers 
on  a  great  variety  of  subjects, — on  Dynamics,  on  Mineralogy  and  Orys- 
tsllography,  on  Logic  and  Philosophy  (more  especially  on  the  Platonic 
philosophy  of  ideas),  and  on  the  mathematical  exposition  of  the  doe* 
trines  of  Political  Hconomy,  in  which  the  formulia  embodying  the 
results  of  those  doctrines,  as  applied  to  questions  of  supply  and  demand, 
price^  currency,  Ac.,  are  derived  from  what  he  cautiously  terms  '^The 
Bquilibrium  Theory  "  in  analogy  to  the  "  Equilibrium  Theory  *'  of  the 
Tides,  distinguishing  very  justly  between  this  and  their  true  or  dyna- 
mics! theoty,  which  takes  account  of  momentary  changes  in  the  amount 
and  incidence  of  the  acting  causes,  and  allows  for  the  time  requisite  to 
enable  them  to  work  out  t^eir  effects — a  distinction  of  the  most  impor- 
tant kind,  and  one  which  goes  to  exhibit  all  the  pumiUMwo  comdusionB 
dedooed  in  this  seienca  on  other  hypothesis  as  tentative  and  provi- 
sional. 

During  the  summers  of  1826  and  1888  he  took  part  with  Mr.  Aixy 
in  a  series  of  experiments  Ibr  aseerfcaining  the  mean  denrity  of  the  earth, 
by  comparing  the  rates  of  the  same  pendulum  in  deep  muaes  and  at  the 
surface.  These  experiments,  made  in  the  Dolcoath  Mine,  near  Gam* 
bourne,  in  Cornwall,  were  excellently  planned,  and,  so  fiur  as  they  went, 
admirably  conduoted ;  but  by  a  singular  fatality  were  in  both  instances 
cut  short  in  their  progress,  and  frustrated  of  their  result,  by  accidmta 
which  could  not  have  been  foreseen  and  provided  against — in  tiie  one 
case  by  tiie  combuation  in  mid-air  (from  some  cause  never  explamed)  of 
the  basket  containing  the  pendulums  and  other  apparatus,  in  the  acb 
of  raising  th«D  from  the  bottom  of  the  mhne  to  the  anrftoe— in  the 
other,  by  the  mine  itself  becoming  deluged  with  water,  owing  to  the 

*  Bridg«w»t«r  TrMtiM,  p,  336,  oh.  is,  et  seq. 
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8!uldon  subsidence  of  a  mass  of  rock  many  times  as  large  as  Westmm- 
Bter  Abbey."  These  fnilures,  however,  are  the  less  to  he  regretted,  as, 
bad  they  not  oecui  ri  d,  the  third  and  Piiccossful  attempt  mado  by  the 
Astronomer  Royal  in  1854,  in  the  Harton  Coal-pit,  near  South  Shields, 
at  a  Greater  depth,  and  with  the  immenao  advantage  of  electric  eoninui- 
nication  between  the  clock  above  and  the  pendulum  below,  might  never 
have  been  undertaken. 

In  1828  Dr.  Whcwell  was  chosen  Professor  of  Mineralogy,  as  the 
successor  of  Professor  Clarke,  a  position  for  which  he  had  prepared 
himself  by  a  residence  ni  liermany,  under  the  instructions  of  Pro- 
fessor ^lohs.  The  subject,  especially  its  crystallographical  depart- 
ment, had  previously,  however,  attracted  much  of  his  attention,  aa  ia 
evinced  by  \ns  t  laborate  mtiaoir  On  a  general  method  of  calculating 
the  Angles  made  by  any  })lanes  of  Crystals,"  communicated  in  1824 
to  the  Boyal  Society  (of  \s  liitLi  so  early  as  1821  he  had  become  a 
Fellow).  Several  papers  on  the  same  department  of  Mineralogical 
Science  were  also  communicated  by  him  to  the  Cambridge  Society  in 
1822,  1827,  and  1828.  This  appointment,  however,  be  held  only  for 
ibiiryain,  ind  nrigned  it  in  1882,  when  he  wtm  iucceeded  Ij  FrofeiBor 
WiUiam  Hallowi  MiUer. 

Ill  1827  he  beoame  a  Eellow  of  the  Cfeologieal  Society,  of  which,  such 
was  the  general  sense  of  his  profidenoy  in  that  science,  in  1838,  he 
was  elected  to  the  office  of  F^tident.  To  this  Society  he  commimi* 
cated  (in  1847)  a  paper  on  the  distribution  of  the  Scandinavian  boulders. 
In  the  Meetings  of  the  British  Association,  too,  he  took  a  lively  mterest, 
and  was  President  of  that  body  in  1841.  He  was  the  originator,  or 
one  of  the  origniatora  of  that  system  of  Beports  on  the  present  state 
and  progress  of  the  seversl  branches  of  science,  which  have  from  time 
to  time  been  so  usefully  and  instruetiTely  published  in  their  annual 
Proceedings.  In  1881  we  find  him  writing  to  a  friend  on  this  subject 
**  The  advice  I  gave  them  (the  managers  of  the  Tork  Meeting)  was  to 
this  effi»et :  that  the  meeting  should  select  eminent  persons  in  each 
department  of  sdenoe,  and  beg  them  to  make,  by  the  next  annual 
meeting,  reports  as  to  the  present  condition  of  their  respective  pro- 
vinces, and  the  points  where  research  will  apparently  be  most  useful ; 
that  the  purport  of  these  reports  and  the  degree  of  interest  which  they 
may  excite  should  be  the  guide  and  basis  of  future  operations  of  the  Asso- 
ciation, if  it  continue ;  and  that,  at  any  rate,  such  collection  of  reports, 
if  it  can  be  procured,  be  printed — by  which  means  their  Wittenagemote 
will  not  have  met  in  vain."    This  idea  being  acted  on,  he  himself  con- 
tributed &om  time  to  time,  Beports  on  the  Tides  and  on  the  Mathema- 
tical theories  of  Heat,  Magnetism,  and  Electricity. 

The  subject  of  the  Tides  engaged  a  large  jiortioi!  nf  his  attention, 
and  gave  occasion  for  a  series  of  researchcH  on  the  progress  of  tlie 
Xide-wava  in  difierent  regions  of  the  ocean,  communicated  to  the 
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Boyal  Society,  and  printed  in  their  Tranflaetions  from  1888  to  1860. 
HiB  labours  on  this  bnmcli  of  physical  inquiry  were  distinguished  in  1887 
by  the  award  of  <me  of  the  Boyal  Medals.  In  point  of  general  lesult, 
these  investigationB  may  be  considered  as  having  afforded  a  dear  and 
satbfactory  view  of  the  Atkntie  Tides,  while  those  of  the  iPaeifie  (to 
which  only  a  single  memoir — ^the  18th  in  order — ^is  devoted)  remain  still, 
in  many  of  their  features,  enigmatical,  and  perplexed  with  difficulties 
which  can  only  receive  their  elucidation  from  a  long  series  of  dis- 
cussion carried  out  on  the  same  principles,  and  based  upon  far  more 
extensive  observational  data  than  he  then  commanded,  or  than  we  yet 
poBsesB.  One  of  the  most  curious  and  unexpected  results  of  these 
inquiries  is,  that  there  exist  two  points  in  the  North  Sea,  one  be- 
tween Harwich  and  Amsterdam,  the  other  near  the  entrance  to  the 
Baltic,  in  which  there  is  no  rise  and  fall  of  the  tides.  Of  these  points, 
thus  first  theoretically  indicated,  the  former  has  been  subsequently 
verified  by  observatiou  j  the  other  does  not  appear  to  have  been  sought 
for. 

With  exception  of  this  series  of  rcpearches,  his  labours  as  a  direct 
contributor  to  Physical  Science  may  be  considered  as  having  termi- 
nated with  his  acceptance  of  the  profet^sorial  chair  of  Moral  Philo- 
sophy (or,  as  it  is  officially  designated,  of  floral  Theology  and  Casuis- 
try) in  1838.    The  work  of  Paley  on  Moral  Pliilosophy,  in  which  the 
basis  of  moral  obligation  is  made  to  rest  on  expediency  (taken  in  its 
largest  sense,  as  that  which  on  the  Avhole,  and  on  a  broad  and  general 
view  of  human  relations,  is  most  conducive  to  human  happiness),  was 
at  that  time  the  text-book  followed  in  the  University.  This  view  of  the 
foundation  of  morals  was,  however,  peculiarly  distasteful  to  him,  and 
tlie  whole  tenor  of  his  teacliing  on  this  Bubject  was  devoted  to  the  expul- 
sion of  what  has  been  termed  the  utilit  irian  theorv  of  morals,  and  the 
substitution  for  it  of  the  inward  teaching  of  a  divinely  implanted  con- 
science, enlightened  and  guided  by  reason — obeying  in  this,  as  in  his  views 
of  Physical  Science,  that  strong  leanincr  towards  the  Platonic  or  ideal 
system  of  philosophy  which  refers  all  our  l;uQwledge,  in  so  far  as  it  as- 
sumes a  regular  and  systematic  i'wm  (as  other  than  tho  recollection  of 
individual  facts),  to  innate  and  primarily  implanted  conceptions  coordi- 
nated with  facts  by  the  operation  of  tlie  mind.  Thus,  as  in  geometry  we 
coordinate  our  perceptions  of  the  external  world  in  accordance  with  our 
innate  conception  of  Space- — so,  in  this  view  of  morality  we  coordinate  our 
judgment  of  human  action,  and  of  our  own  emotions  and  desires  in  refer- 
ence to  the  innate  and  originally  implanted  idea  of  Ei^dit ;  assuming  that 
its  fundamental  axioms  and  leading  propositions  have  found  their  utte- 
rance (though  hitherto  imperfectly,  and  only  in  the  most  usual  and  sitn- 
plcst  cases  of  their  application)  in  those  positive  laws  which  regulate  tli© 
conduct  of  man  towards  his  fellows  in  all  civilized  communities.  Thess© 
views  01*6  embodied  in  his  sermonji  oji  the  I'uuiidatiou  of  Morals,  Kii^ 
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'  Elements  of  Moralitv  *  his  *  Lectures  on  the  Hislorv  of  Moral  Philo- 
sopby  in  Englaud,'  and  more  especially  his  'Lett  meson  SyKtematic 
Morality'  (18-46).  The  two  views  arc  no  doubt  ultinuitely  reconcilcable, 
or  rather  essentially  those  of  one  body  of  trulii  approached  from  dif- 
ferent ends  of  the  vista:  since  if  it  co\dd  he  shown  that  any  ItujUnnate 
conclusion  aa  to  moral  duty  drawn  from  the  a  priori  system  were  iu- 
compatible  with  tlic  production  of  general  happiness  and  wcllbeing, 
such  conclusion  couLl  not  Init  be  deemed  au  msuperable  objection  to 
its  truth ;  and  since  the  ultimate  reference  to  the  enlightenment  and 
guidance  of  reason  (as  distinct  from  innate  or  inspired  intuition) — if  it 
have  any  meaning  at  all — can  only  mean  a  reference  to  what  experience 
teaches  the  general  reaaon  of  mankind  to  expect  as  the  probable  result 
of  any  prop  <sed  course  of  aetion  on  tlic  general  happiness.  But  the 
difficulty  is  for  greater  to  ascend  to  tlie  general  axioms  of  morality 
from  the  &cts  of  history  and  social  life  in  the  way  of  induction,  in  the 
face  of  so  much  acknowledged  confusion  in  the  results  of  human  aetion 
in  the  more  complicated  afiaira  of  life,  than  to  start  from  an  a  priori  and 
divinely  inspired  principle  of  right,  interfered  with  in  its  application 
by  the  disturbing  agency  of  passion  and  ignorance,  in  rendering  an 
account  of  so  much  evil  intermixed  with  so  much  good.  JSot  does  this 
oonsideration  appear  to  have  been  altogether  without  its  weight  in  hia 
choice  of  a  starting-point,  if  we  may  judge  from  a  passage  in  the  work 
last  cited  (Syatematic  Morality,  p.  183.  Ch.  29  ef  seq.).  The  just 
celebrity  of  these  works,  and  of  his  philosophical  treatises,  with  his 
other  eminent  cUuma  to  scientific  distinction,  procured  him  the  honour 
of  nomination  by  the  Trench  Academy  aa  a  correspondent  in  the  depart- 
ment of  "  Sciences  !\roralcs  et  PoUtiques — Section  de  Philosophic.** 

In  1839  he  retired  from  the  tutorship  of  his  college,  devoting  him- 
aelf  thcnceforwards  entirely  to  those  pursuits  which  he  felt  to  be  more 
congenial  to  the  natural  l)ent  of  his  genius  and  to  his  personal  habits, 
than  the  practical  routine  of  education.  What,  and  how  expansive,  and 
at  the  same  time  how  definite  and  sober  were  his  views  on  the  sub- 
ject of  the  higher  education  in  general,  and  of  that  which  ought  to  be 
the  more  especial  object  of  a  University  education,  may  he  gathered 
from  a  scries  of  essays  and  treatises  published  from  1835  to  1815  on 
this  subject,  one  of  which,  a  brief  essay  entitled  '  Thoughts  on  the 
Study  of  Mathematics  as  a  part  of  a  liberal  education'  (1835),  in- 
volved him  in  a  controversy  with  a  very  formidable  antagonist  (if  wo 
arc  not  mistaken,  the  late  Sir  Wm.  Hamilton),  who,  in  an  elaborate 
ai-tiele  in  the  Edinburgh  Ecview  (Xo.  12(>),  laboured  to  show  that 
80  far  from  beins;  an  essential  and  important  means  of  cultivating 
"  the  noblest  i'acullies  in  the  liighest  degree,"  such  studies  effect  this 
purpose  "  at  best  in  the  most  inadequate  and  precarious  manner,**  and 
that,  in  point  of  fact,  they  "have  less  claim  to  encouragement  than 
any  other  object  oi'  education.**    Dr.     he  well,  however,  was  ^uite  as 
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strennoiu  an  admate  far  the  importaiuse  of  daaakal  «■  of  mafcliematical 
studies  as  part  of  a  course  of  liberal  education,  as  weU  as  for  admittinir, 

if  not  insisting  on,  the  study  of  natural  history  and  other  branches  of 
Natural  Science  as  a  means  of  developing  the  intellectual  faculties, 
and  of  jurisprudence,  not  only  for  its  intimate  connexion  ^vith  sytema- 
tizcd  morality,  but  as  one  of  the  bciit  exercises  in,  and  exemplifications 
of,  applied  logic, 

Tn  ISrav  1 841  ho  publiwhed  his  '  ^lechauics  of  Engineering^,'  a  most 
useful  and  much-needed  ekniLntary  treatise  on  the  practical  ;ijt[»]i- 
cation  of  mechanicul  principles   to   ques^tioufl  of  construction  aud 
machinery.     In  the  summer  of  that   year  he  married  Cordelia,  the 
second  daughter  of  .lohn  Marshall,  Esq.,  M.P.,  of  JlalKsteads  and  i'al- 
tcrdale  liall,  Cumberland,  and  in  October  of  the  same  year  succeeded 
Dr.  Wordsworth  in  the  jNfastership  of  Trinity  College,  which  he  re- 
tained during  Uie  remainder  of  his  life.     In  this  distinguished  and 
important  office  (to  use  the  wonls  of  one  cxeelh'ntly  qualilicd  to  judge), 
though  "  there  were  some  avIio  feared  that  tlic  new  blaster  would  he 
imperious  and  overbeanng,  their  fears  were  dissipated  by  the  result. 
His  government  was,  with  scarcely  an  exception,  the  government  of  & 
constitulioual  nioiuircli,  not  of  a  despot.    Of  his  rights  and  privileges  ho 
was  tenacious  enough,  but  ho  ])referred  to  delegate  the  active  exerciiiO 
of  his  power,  iiud  its  consequent  responsibility,  to  the  several  college 
officers,  and  was  best  pleased  when  all  went  smoothly  without  reference 
to  bim.    lie  did  udL  interpose  nliii  difjnus  vindice  nodvs.    The  Lodge 
was  the  scene  of  generous  hospitality,  and  received  a  constant  succes- 
sion of  distinguished  guests."    His  wife,  a  most  amiable  uiul  excellent 
ladv,  suft'ered  for  several  year.^  from  a  painful  illness,  during  which  his 
care  and  attention  were  unrenntting  though  unavailing;  and  in  December 
1855  he  waa  left  a  widower.    From  the  deep  grief  and  distaste  fur  his 
usual  philosophical  pursuits,  and  from  the  melancholy  associations  of 
his  college  residence,  he  Fought  at  length  relief  in  a  visit  to  Home 
(resigning  his  ProfcRSorship  of  Casuistry),  where,  however,  w  ith  charac- 
teristic eagerness  for  the  continual  accumulation  of  mental  acquire- 
ment, ho  devoted  much  of  his  time  to  pertccting  his  knowledge  of  the 
Italian  language,  "taking  lesaons  and  writing  exercises  like  the  veriest 
schoolboy.'*    lletuming,  and  resuming  his  college  duties,  in  1858  ho 
married  Lady  Affleck,  widow  of  Sir  (Jilbert  Affleck,  a  lady  whoso  sweet 
disposition  and  engaging  manners  rendered  her  universally  beloved, 
and  contriinited  not  a  little  to  the  incrcaping  popularity  with  which  bo 
at  length  came  to  be  regarded  in  the  Umsei  sity, — the  inherent  dignity 
and  loftiness  of  his  character,  and  the  splendour  of  his  reputation,  now 
universally  recognized  as  adding  lustre  both  to  his  college  and  to 
the  University,  overcoming  somewhat  of  a  contrary  feeling  which,  in 
the  earlier  part  of  his  career,  had  i)rcvailcd  m  the  result  of  a  certain 
uncompromising  stifaess  of  demeanour  and  impatience  of  opposition. 
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In  1S58  appeared  his  *  Novum  Organum  ficnovattim,'  and  in  1860  bis 
'Chapters  Critical  and  Historical  on  the  Philnsopliy  of  Discovery,* 
being  ill  part  a  reproduction  oi  particular  portions  ui  Iuh  '  Philosophy  of 
Inductive  iScieuce,'  of  several  essays  on  Plato,  Aristotle,  etc.,  communi- 
cated to  the  Cambridge  Philosophical  Society,  and  of  a  series  of  'He- 
marks  on  Induction  with  relereuco  to  Mr.  Mili'a  Logic'  (184U}— in 
part  comprising  several  new  and  very  striking  chapters  on  the  theolo- 
gical views  suggested  by  physical  discovery. 

HU  devotion  to  the  Platonic  view  of  the  ideal  world  seemed  to  grow 
with  his  growth  and  strengfelien  with  his  strength,  and  may  be  said  to 
IiAYd  culminated  in  his  FUtonio  Dialogues,  which  appesred  in  1860|  1861, 
and  1862,  }»emg  in  effect  »  translation  of  the  most  important  portions 
of  Plato's  dialogues,  accompanied  with  a  kind  of  running  comment, 
explanatory  of  auch  portions  as  might  be  judged  irrelevant  or  tedious 
if  translated  at  length — a  work  which  he  declares  to  have  been  **  not 
lightly  executed,  hut  the  labour  of  many  years ;  each  part  gone  over 
again  and  again." 

In  1861  he  was  called  upon  by  His  Boyal  Highness  the  Prince  Con* 
sort  to  deliver,  for  tho  aipress  instruction  of  the  young  Prince  of 
Wales  (then  a  student  of  Cambridge),  a  short  course  of  lectures  on 
Political  Economy.  This,  as  we  have  seen,  was  a  subject  which  had 
engrossed  a  lavge  share  of  his  attention  at  an  earlier  period,  and  which 
he  never  relinquished,  being  an  ardent  admirer  of  his  distinguished  co- 
temporary  and  dear  friend  Professor  Jones  (whose  posthumous  works  he 
edited),  and  whose  volume  on  Eent  he  considered  aa  the  only  work  in 
which  that  subject  is  treated  in  its  most  general  aspeet,  and  on  truly 
fxnrrect  principles.  Accordingly  we  And  in  these  lectureSy  which  he 
aubsequently  published,  frequent  reference  to  his  TiewM»  end  copious 
extracts  from  the  work  itself. 

In  1865  he  agstn  became  a  widower.  Stem  and  somewhat  hard  aa 
he  may  have  appeared  to  those  who  knew  hiiTi  but  imperfectly,  no  man 
was  ever  more  susceptible  of  the  gentle  and  tender  influences  of  female 
society,  or  had  a  deeper  sentiment  of  domestic  aieotion,  and  this  last 
blow  for  a  time  completely  overcame  him.  By  very  slow  degrees,  and 
cheered  by  the  society  of  an  attached  relative  of  his  former  wife,  he  so 
far  recovered  as  to  bo  able  to  resume  hi3  philosophical  pursuits,  and  to  * 
compose  a  short  but  highly  interesting  article  on  "  Conito  and  Posi- 
tivism," whi«'h  appeared  in  MnrArillau's  IMaga/.ine.  It  was  hifilast  pro- 
duction. On  the  2l{h  February  IbGG,  while  riding  a  horse  which  hnd 
twiee  before  tlirown  liiin  (for  tliough  a  hold,  and  even  a  reckless  nder,  he 
was  by  no  means  a  firrft-ratc  borsenum,  riding  negligently,  and,  in  the 
present  instance,  probiVily  greatly  enfeebled,  and  perhap  s  allected 
by  vertigo),  he  was  observed  by  the  ladies  in  r\  carriage,  beside  which 
he  rode,  to  have  lost  tlic  command  of  his  horse,  and  to  bo  partially 
unseated.   Shortly  after  the  horso  appeared  without  his  rider,  and  he 
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was  token  up  senseleBSi  haying  received  a  conouBsion  of  the  bnun, 
unaeeompauied  however  by  any  fracture.  For  a  time  hopes  were  enter- 
tained of  hia  recovery,  but  they  proved  delusive.  The  &tal  termination 
took  place  March  6, 1860 ;  and  on  the  lOth  his  remains  were  deposited^ 
with  every  possible  honour,  and  with  an  immense  attendance  on  the 
part  of  the  University,  in  the  Chapel  of  Trinity  College,  at  the  feet  of 
the  statues  of  Newton  and  Bacon  (the  latter  his  own  gift  to  the  college). 
He  left  no  family,  and  as  he  had  throughout  life  identified  himself 
with  the  University  and  the  College  in  which  he  had  won  fame  and 
acquired  wealth,  so,  at  his  death,  he  devoted  the  bulk  of  the  latter  to 
increasing  their  efficiency.  The  particular  light  in  which  he  regarded 
systematic  morality  had  led  him  to  a  careful  study  of  the  principlea  of 
jurisprudence  and  of  the  law  of  natious,  during  the  course  of  whidi  he 
had  been  led  to  publish  a  translation  of  the  great  work  of  G-rotias» 
*  De  Jure  Belli  et  Pacis  ;*  and  justly  consideriug  that  international  law 
as  a  branch  of  the  higher  education  was  far  too  much  neglected  in  this 
country,  he  provided  by  his  will  for  the  liberal  endowment  of  a  pro- 
fessorship and  studentships  of  that  science  in  the  University ;  while, 
for  the  future  enlargement  of  his  college,  he  left  a  large  and  valuable 
area  of  adjacent  ground^  purchased  for  the  purpose  during  his  lifetime, 
together  with  ample  funds  for  building  on  the  site. 

To  the  worth  and  nobleness  of  his  personal  character  it  is  scarcely 
possible  to  do  justice  within  the  brief  compass  of  a  notice  like  the  pre- 
sent. Those  who  would  appreciate  it  fitly  will  find  it  admirably  deli- 
neated, and  with  a  truth  and  fidelity  which  leave  nothing  to  desire,  in 
the  biographical  notice  from  which  one  passage  has  been  already  quoted 
above*.  Of  his  works  other  than  scientific,  a  brief  mention  will  suf- 
fice. His  '  Architectural  Notes  on  the  German  Churches,*  and '  Notes 
written  during  an  Architectural  Tour  in  Ficardy  and  Normandy,*  have 
been  prcmounced  standard  works  on  ecclesiastical  architecture.  The 
enumeration  of  the  long  list  of  churches  visited,  and  noted  by  him 
according  to  a  regular  and  systematic  plan  of  annotation,  in  the  course 
of  a  summer  excursion,  in  the  former  of  these  works,  will  serve  to  give 
some  idea  of  the  surprising  activity  snd  energy  with  which  he  threw 
himself  into  everything  he  undertook.  In  1847  he  edited  a  collection 
of  English  hexameters  and  elegiacs  by  various  authors^  himself  eontri- 
butmg  a  translation  from  the  German  of  Goethe*s  Herman  and  Doro- 
thea. Of  the  admission  of  these  metres  into  our  English  verse  he  was 
always  a  strenuous  advocate,  justly  apprehending  their  many  and  power- 
ful daims  to  such  reception,  and  turning  a  deaf  ear  to  the  prejudice 
which  would  refuse  them  their  merited  place  in  our  literature.  He 
translated  also  Auerbacb's  *  Professor's  Wife.' 

The  essay  on  the  '  Plurality  of  Worlds '  (attributed  to  him,  though 

♦  WiUiam  Whewell.  In  Mcmoruiin.  By  G.  W.  Clark,  M.A.,  Public  Orator  in 
theUniveniiyolOMiibrtdgo.  liioMilkn**  Msgsane,  ^o.  78. 
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pu]>lir^licd  anonymouFily),  can  hardly  be  regarded  as  expressing  li is  de- 
liberate opiiuoii,  and  should  rather  be  considered  in  the  liglit  of  a  ;>« 
d'esprit,  or,  possibly,  as  has  been  suggested,  as  a  lighter  eomposiitioii, 
on  the  principle  '  audi  alteram  par tem^''*  undertaken  to  divert  his 
thoughts  in  a  time  of  deep  distress.  Though  it  may  have  had  the 
effect  1  have  heard  attributed  to  it,  of "  preventing  a  doctrine  from 
crystallizing  into  a  dogma,"  the  argument  it  advances  Avill  hardly  be 
allowed  decisive  preponderance  against  the  general  impression  which 
the  great  facts  of  astronomy  tend  so  naturally  to  produce. — J.  F.  W.  H. 

Nicholas  Wood  was  l)uni  at  Sounnires,  a  %'illnge  near  Ncwca«tk'-on- 
Tyne,  April  2Uh,  179o.  While  at  schn  il,  in  the  same  neighbourhood,  he 
attracted  the  notice  of  Sir  Thomas  LiJJtU,  and  through  his  influence  was 
placed  at  Killingworth  Colliery,  to  learn  tlie  practice  of  a  coal-viewer. 
Here  he  made  acquaintance  with  George  Stephenson,  who  was  beginning 
to  develope  tliat  skill  and  ingenuity  which  afterwards  made  him  famous. 
The  two  young  men  became  intimate,  and  both  worked  energetically  in 
carrying  out  the  plans  of  the  inventor  of  the  future  locomotive.  Wood 
made  the  drawing  of  the  first  safety-lamp,  and  was  fearless  enough  to 
accompany  Stephenson  in  a  trial  of  the  lamp  first  constructed  therefrom, 
at  a  "blower"  in  the  mine.  Taking  the  time  and  circumstances  into 
account,  this  experiment  must  be  recognized  as  a  manifestation  of  a  high 
degree  of  moral  as  well  as  physical  courage  on  the  part  of  the  two  opera- 
tors* Some  of  Wood*8  earliest  acieiitific  papers^  published  in  local  journals 
about  the  year  1815,  were  on  the  use  of  the  lamp  io  mines  and  on  points 
in  the  controversy  which  its  use  had  originated.  In  the  fact  that  Stephen* 
■on  afterwards  placed  his  son  Robert  nnder  Wood  as  a  pupil,  we  hare  a 
Ibrther  proof  of  the  confidence  esdstiog  between  them. 

In  1825,  the  year  of  the  opening  of  the  Stockton  and  Darlington  railway, 
Mr.  Wood  published  a 'Treatise  on  Railroads,*  which,  embodying  what 
was  then  known  of  the  principles  and  practice  of  railway  construction,  has 
passed  through  three  editions,  and  is  still  regarded  as  a  standard  work, 
notwithstanding  that  in  the  first  edition  the  author  treats  as  "  ridiculous 
expectations  '*  the  views  of  those  who  were  sanguine  enough  to  beliere  that 
locomotires  eonld  be  made  to  run  twenty  miles  an  hour. 

In  1827  Mr.  Wood  gave  eridence  before  the  Parliamentaiy  Committee 
on  the  proposed  railway  from  Liverpool  to  Manchester.  His  opmion  was 
highly  valued,  especially  on  subjects  connected  with  coal-mining,  so  that  in 
parliamentary  inquiries  relating  to  such  subjects  he  was  usually  summoned 
as  a  witneM.  With  a  growing  reputation  as  geologbt  and  mining-engineer, 
he  communicated,  in  1630  and  1831,  to  the  Natural  History  Society  of 
Northumberland,  Durham,  and  NewGastle-on*Tyne,  two  papery,  whidi  were 
published  in  their  'Transactions'  as  valuable  contributions  to  the  then 
existing  knowledge  of  the  geology  and  palceontology  of  the  district.  The 
subject  was  extended  and  further  elucidated  in  two  papers  read  at  the 
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Meetiogi  of  the  Britlth  Aifloebtkm  at  Neweutle  ia  1888  ftnd  1863.  In 
these  papers  the  limits  of  the  WYerft]  foniUitioiil~*the  millitone  grit,  the 
mounuin  limestone,  and  true  coalfields — are  dedoed*  the  coorats  of 

dykes  "  are  laid  down,  their  effect  on  the  coal-measures  is  pointed  onC. 
and  in  the  numerous  sections  a  clear  Tiew  is  gtTeu  of  the  stmettireof  the 
country.  In  the  paper  on  *'  The  Wash/*  a  remarkable  denudation  through 
a  portion  of  tlie  coalfield  of  Durham,  written  jointly  with  Mr.  Boyd  (1863), 
the  effect  of  a  great  stream  in  remote  epochsi  in  producing  the  present 
geological  configuration,  is  ably  traced. 

The  demands  on  Mr.  Wood's  time  and  practical  skill  multiplied  with 
the  increasing  (Icmaiul  for  coal  for  lighting  and  manufacturing  pur- 
poses. In  1 844  he  jjroposed  a  rogistration  of  mining  operations  as  inn* 
j)ortant  alike  from  the  gcologic.il  as  trom  the  commercial  point  of  view, 
lie  was  a  member  of  the  local  Committee  ultei  wards  formed  to  draw 
lip  a  report  on  the  best  method  of  preventing  or  dimini«jhing  accidents  in 
cual-n:ines,  out  of  which  re«ulted  the  Mines*  Inspection  Act  of  1851.  In 
the  loUowing  yi'nr,  with  a  vn  w  to  give  effect  to  practical  suy:gestions,  a 
scheme  for  a  society  was  proposed  which  in  August  oi  Lhat  y(  ui  took  shape 
as  the  North  of  England  Institute  of  Mining  Engineers,  with  Mr.  Wood  as 
President.  From  that  time  to  the  end  of  his  days  he  was  nunuaUy  elected 
to  the  same  honourable  post,  and  discharged  the  duties  ilicreof  with  ad- 
vantage, during  a  period  in  which,  besides  his  inaugural  address,  he  con- 
tributed fourteen  papers  on  im|u)i  t:n!t  professional  subjects  to  the  Society's 
•Transactions.'  In  his  address,  as  well  as  on  other  occasions,  he  reit(  rated 
liis  ajij)(  al  lur  the  formation  of  a  collection  of  plans  and  records  ii<  a  means 
of  promoting  mining  and  geological  science.  These  papers,  with  one  on 
"Improvements  in  the  Workingof  Coal-Mines,"  communicated  to  the 
Society  of  Mechanical  Engineers,  and  published  in  their  'Proceedings,* 
were  the  latest  of  his  writings. 

In  1844  Mr.  Wood  removed  from  KiUingworth  to  Hetton  Hall,  co. 
Durham,  where,  wlnle  health  permitted,  he  continued  his  active  labours 
particularly  in  the  attempt  to  establish  a  school  or  College  **for  the  culti- 
vation, improvement,  and  tcaLhmi:  of  imimig  science,  especially  as  applica- 
ble (()  coal-mines."  The  attrtiqit  ImiUmI,  but  the  ilifcii^'^ion  }ind  a  beneficial 
eficct  111  attracting  public  attentiou,  aud  in  impressing  the  Uoverument 
with  its  importance. 

Mr.  Wood  was  a  member  of  the  local  societir'--  in  his  neighbourhiHid.  of 
the  Geological  Society,  of  the  Institution  of  ('ivii  Kngiiu  prs,  and  in  ibOA 
was  elected  a  Fellow  of  the  Hoyal  Society,  but  did  not  live  long  to  enjoy 
the  hnii'uir.  lie  had  been  for  some  years  a  widower,  when  failing  health 
compciied  him  to  give  up  the  duties  which  he  had  so  beneficially  discharged, 
and  to  resort  for  medical  advice  to  London,  where  he  died  December  1  f), 
1865,  leaving  four  sons  and  two  daughters.  He  was  characterized  through- 
out life  by  a  calmness  of  temper  which  nothing  disturbed  ;  aud  one  w  ho 
knew  him  well  has  recorded  concerning  him*  that»  "  whether  he  be  viewed 
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&b  au  cuiplovciT  of  labour,  as  a  successful  man  of  busiacas,  as  a  proiuoter 
of  knowledge,  as  a  friend  to  educatiou  among  all  classes,  as  a  Qeighbour,  a 
|)ari  lit,  or  a  inend,  we  may  safely  say  that  his  place  iu  society  will  not  easil/ 
be  tilied." 

John,  Lord  Wrotteslky,  was  bora  on  the  5th  of  August  1 798.  His 
father,  the  first  peer,  was  the  representative  of  a  family  which  was  of  dis- 
tinction when  it  acquired  the  estate  of  Wrottesley,  near  Wol?erhanipton, 
at  a  date  whkh  ma^  be  beat  remembered  hy  the  fact  that  the  fourth  pos- 
acisor,  and  the  third  who  took  hia  name  from  it,  waa  made  a  Knight  of  the 
Garter  at  the  inatitntion  of  the  order«  The  aubject  of  our  memoir  gra- 
doatcd  at  Oifovd  with  a  first  class  In  mathematics*  and  was  called  to  the 
bar*  at  which  he  practised  for  Beveral  years  as  an  equity  lawyer.  His 
tastes  were  scientific.  He  showed  them  when  he  juiucd  the  Societj 
for  the  DifinsioD  of  Useful  Knowledge,  in  the  Committee  of  which  he 
worked  doting  the  whole  existence  of  the  body:  in  its  earliest  days  he 
wrote  a  number  of  the  Useful  Knowledge  Library*  on  navlgatbn.  In 
1831  he  became  one  of  the  Secretaries  of  the  Astronomical  Sodefy*  of 
which  he  was  afterwards  President  (1841-43)«  He  became  President  of 
the  Bojal  Sodetj  in  1854,  on  the  retirement  of  Lord  Boise,  and  held  this 
post  unta  1658.  He  died  Oct.  27,  16S7,  aged  lixty-nine.  No  life  was 
mors  devoid  of  striking  incidents  than  hia  t  the  only  ezceptiona  to  ita  eren 
tcnoor  were  the  loss  of  two  worthy  sons,  one  of  whom  ftll  in  action  at  the 
CSape,  the  other  at  Bomarsnnd. 

Hia  eharacteristics^  Mys  a  journal  obituaiy»  were  plain  mannerib  l^ind  feel- 
ings, sound  judgment,  and  useful  intellect.  His  knowledge  of  law,  his  pursuit 
of  science,  and  his  conduct  of  life  were  equally  practical  and  equally  unob- 
tnuBTe.  His  particular  pursuit  was  astronomy,  which  he  carried  on  in  two 
small  obaervatoriei^  one  at  Blaekheath,  while  he  was  engaged  at  the  bar,  the 
other  at  Wrotteiley,  after  hia  acoeasion  to  the  title  in  184i.  In  1839  he 
receiTed  the  gold  medal  of  the  Astronomical  Society  for  a  catalogue  of 
stars.  This  work  was  performed  by  himself  with  the  aid  of  Mr.  Hartnup, 
now  at  the  head  of  the  Liverpool  Obserratory,  whom  he  trained  as  his 
aasistant.  The  object  of  it  was  to  make  systematic  observations  of  the 
right  ascensions  of  ail  the  stars  of  the  Astronomicsl  Society's  Catalogue^ 
of  the  sixth  and  seventh  magnitudes ;  the  higher  magnitudes  having  been 
undertaken,  or  rather  having  been  6up[)osed  to  have  been  undertaken,  by 
other  obser\-atories.  Comparison  with  various  cases  obtsined  from  public 
observatories  showed  that  Mr.  WrottesIey*s  catalogue  was,  as  it  was  styled 
by  Mr.  Daily  in  delivering  the  medal,  of  first>rate  importance  and  entitled 
to  implicit  confidence. 

Lord  Wrotteslcy  also  communicated  two  astronomical  papers  to  the 
Royal  Society — one,  **  On  the  Results  of  Periodical  Observations  of  the 
Positions  and  Distances  of  certain  Double  Stars,"  published  in  the  Philo- 
sophical Transactions  for  1851 ;  the  other,  which  was  published  in  the 
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Proceedings*'  for  1859,18  entitled  " Oa  the  AppltcatioD  of  the  Caleuliu 
of  Probabilitiefl  to  the  results  of  Measures  of  the  Position  and  Distance  of 
Double  Stars.'* 

During  the  four  years  of  his  presidency  of  the  Bojal  Sodefy,  Lord 
"Wrotteslej  was  unremitting  in  his  attendance  at  the  meetings  of  Council, 
and  his  conduct  of  business  was  guided  throughout  by  the  deamess  of 
insight  and  rectitude  of  judgment  which  belonged  to  his  mental  character. 
Among  the  Tarious  subjects  which  came  under  his  consideration  daring 
this  period,  there  was  one  in  which  he  may  be  sud  to  have  taken  a  special 
interest ;  the  question,  namely,  whether  any  measures  could  be  adopted  by 
the  Government  or  by  Parliament  which  would  improve  the  position  of  seienee 
and  its  cultivators  in  this  country.  The  subject  was  bronght  under  the 
consideration  of  the  Parliamentary  Committee  of  the  British  Association, 
of  which  Lord  Wrottcsley  was  Chairman  j  and  the  Committee,  after  cor- 
responding with  eminent  men  of  science  and  learning  their  views  on  the 
question,  presented  a  Report  to  the  Meeting  of  the  Association  at  Glasgow 
in  1855.  In  the  following  summer  a  motion  was  made  in  the  House  of 
Commons,  by  Mr.  James  Heywood,  for  a  Select  Committee  to  inquire  into 
this  question,  which  was,  after  some  discussion,  withdrawn,  in  order,  as  it  was 
understood,  to  allow  the  matter  to  be  previously  considered  by  scientific  men. 
On  this.  Lord  Wrottesley,  widiont  loss  of  time,  brought  the  matter  before 
the  Council  of  the  Royal  Society,  who  referred  it  in  the  first  instance  to 
the  Committee  who  assisted  them  in  the  distribution  of  the  Govern- 
ment grant,  and  finally  adopted  a  series  of  resolutions  which  were  com- 
municated to  Lord  Palmerston,  then  First  Lord  of  the  Treasury :  but  a 
change  of  Government  and  a  dissolution  of  Parliament  having  soon  after- 
wards taken  place,  the  matter  was  not  again  brought  before  the  Legisla- 
ture. Both  as  Chairman  of  the  Parliamentary  Committee  of  the  British 
Association  and  as  President  of  tlie  Royal  Society,  Lord  "Wrottesley  con- 
ducted the  corresj^ontlcncc  relating  to  tliis  question,  and  took  the  chief 
share  in  drawing  up  the  Reports. 

Lord  Wrottesley  was  President  of"  the  I?i  IlisIi  Association  at  its  ^^Icuting 
in  Oxford  iu  ISGO,  and  in  his  Address  delivered  on  that  occasion,  he 
earnestly  recommended  due  encouragement  of  the  Physical  and  >»iitural 
Sciences  as  branches  of  University  b^tudy.  On  a  later  occasion,  iu  a  speech 
delivered  in  the  House  of  Lords  in  1865,  on  the  i'ublic  Schools  Bill,  he 
strongly  urged  the  expediency  of  introducing  science  as  an  important  brauch 
of  school  teaching. 

Alexander  Dallas  Bache,  For,  Mcmb.  U.S.,  was  a  son  of  Richar 
Bache,  one  of  tlie  several  children  of  tlie  only  daughter  of  Dr.  Benjamin 
Franklin.  His  motlier  was  So{)hia  Dallas,  the  daughter  of  Alexander  J. 
Dallas,  and  sister  of  George  M.  Dallas,  whose  names  are  well  known  iu  the 
lilstorv  of  the  United  States,  the  former  as  Secretary  of  the  Treasury,  and 
the  latter  aa  Vice-President  of  the  United  States,  and  subsetpu  utly  cts 
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Minister  at  the  Court  of  St.  James's.  He  was  bori)  in  Philndelpliia,  on  the 
19th  of  July,  1806.  At  an  early  age  he  became  a  pupil  of  a  classical  school 
of  celebrity,  and  wa-?  distinguished  by  unusual  aptitude  in  the  acquisition 
of  Iraniin^'.  Shortly  before  arriving  at  the  age  of  fifteen,  he  was  appointed 
a  cadet  ot  the  MiHtarj  Academy  at  West  Point,  and  graduated  in  1825  at 
the  head  of  his  ela^s. 

After  graduatnig,  he  was  selected  to  remain  in  the  Academy  as  an 
A55>istaut  Professor,  and  iu  this  p  i^ition,  which  gave  him  au  opportmiity 
of  reviewiTur  hi-  -tmlies  and  exuiniaiiig  liis  reading,  he  continued  oiu  \  f;ir, 
VtliL'ii  at  ins  own  request  he  was  a.>*sigucd  to  engineering  duty  at  Newport, 
R.I.    Here  he  remained  two  years,  engaged  iu  constructing  fortificHtion?^ 
and  devoting  his  extra  hours  to  the  study  of  I'iiysics  and  Chemistry;  uud 
supported  his  mother  and  her  younger  children  out  of  his  stinted  pay  as 
Lieutenant  of  Engineers.    An  unexpected  change  now  took  place  in  his 
cucuuistances,  which  enabled  limi  to  marry.    He  was  aj  pomted  to  the 
Professorship  of  Natural  Philosophy  and  Chemistry  in  llu*  Lniversity  of 
Pennsylvania,  at  Pl.iladilpliia.    11;;\  iulc  hud,  prior  to  this,  some  e\})erience 
as  a  teacher,  he  soon  gained  the  eiuiiL  confulence  of  the  authorities  of  the 
University  and  the  aft'ections  of  his  ])upils.    lie  became  a  member  of  the 
Fnaklia  Institute,  a  Society  then  newly  established  for  the  promotion  of 
the  Hedianical  Arts.   This  Society  was  well  calculated  to  exhibit  his 
talents  and  develope  his  character.    It  brought  him  into  intimate  assoda- 
tion  with  the  principal  mannfaetnrers,  engineers,  and  artisans  of  the  citj. 
Facilities  were  thus  afforded  him  for  the  prosecution  of  science  which  he 
eouldnot  haTeeommanded  iu  any  other  way.  Workshops  were  thrown  open  to 
him,  and  skilful  hands  offered  ready  assistance  in  redixing  the  conceptions 
of  his  suggesttre  mind.    His  descent  from  the  illostrions  Statesman  and 
fhiloeopher,  whose  name  the  Institution  bears,  contributed  in  some  de- 
gree no  donbt  to  the  influence  which  he  acquired ;  but  it  was  in  the  main 
to  his  own  bdnstry,  ability,  and  oonrte^  that  he  owed  the  favour  and 
disttnetion  which,  in  assigning  to  him  the  principal  directorship  of  scientific 
iuTestigations,  afforded  him  the  means  of  so  greatly  contributing  to  the 
usefulness  of  the  Society,  and  of  advancing  his  own  reputation.  An  account 
of  the  labours  in  which  he  was  engaged  iu  hb  connexion  with  the  Franklin 
Instttntc  will  be  found  in  the  volumes  of  its  Journal  from  1826  to  1835 
indosive.  The  results  of  his  investigations  relating  to  the  bursting  of 
steam-boilers,  after  a  hipse  of  more  than  thirty  years,  have  not  yet  been 
niperseded  by  any  others  of  more  practical  value*   These  ^periments 
were  attended  with  no  small  amount  of  danger,  and  required  in  their 
execution  no  small  amount  of  personal  courage. 

He  erected  an  Observatory  in  the  yard  of  his  own  house,  in  which,  with 
the  aid  of  his  wife  and  his  friend  and  former  pupil,  John  Eraser,  he  deter- 
mined with  accuracy,  for  the  first  time  in  the  United  States,  the  periods  of 
the  daily  variations  of  the  magnetic  needle,  and  in  another  series  of  obser- 
vationa  the  connexion  of  the  fitful  variationa  of  the  direction  of  the 
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magnetic  force  with  the  appearance  of  the  Aurora  Borealis.  He  also,  iu 
conaexion  with  Mr.  Espy,  made  n  Ttiinute  survey  of  the  relative  clianer  of 
position  of  the  trees  and  other  objects  in  the  track  of  a  tornado  which 
pnsscd  over  New  Brunswick.  In  connexion  with  Professor  Coartenay  he 
also  made  a  series  of  determinatton<;  of  the  magnetic  dip  at  various  places 
in  the  United  States.  Indeed,  terrestrial  magnetism  was  with  him  a 
favourite  subject,  to  which  he  continued  to  make  valuable  contributions  at 
intervals  during  his  whole  life.  He  was  also  mudi  interested  in  the 
phenomena  of  heat,  and  was  the  first  to  show,  contrary  to  generally 
received  opinion,  that  the  radiation  and  consequent  absorption  of  dark 
heat  is  not  affLCted  by  colour. 

In  1836,  when  Professor  B:iclie  had  ju>t  attained  the  thirtieth  year  of 
his  age,  the  Trustees  of  the  Girard  (  oUcge.  an  institution  munificently 
endowed  by  a  benevolent  citizen  of  Philadelphia,  preparatory  to  oiganiang 
the  College,  resolved  to  select  Professor  Bache  as  the  most  proper  man  for 
the  nfllice  of  President,  and  to  send  him  abroad  to  study  the  systems  of 
education  and  methods  of  instruction  and  discipline  adopted  iu  Europe, 
It  was  with  difHcuky  that  he  could  bring  himself  to  regard  with  favour  a 
proposition  which  threatened  to  seiiamtr  him  from  the  pursuit  of  science. 
The  consideration  of  a  more  extended  field  of  usefulness  at  length  pre- 
vailed, and  he  accepted  the  proffered  position,  though  not  without  some 
Ungering  regret.  No  American  ever  visited  Europe  under  more  favourable 
circumstances  for  becoming  intimately  acquainted  with  its  scientific  and 
literary  institutions.  His  published  researches  had  made  him  favourably 
known  to  the  cultivators  of  science,  and  gave  him  ready  access  to  intelli- 
gent and  influential  society.  He  remained  in  Europe  two  years,  and  on  his 
return  embodied  the  results  of  his  rr  <(  nrelies  ou  Education  in  his  Report 
to  the  Trustees  of  Girard  College.  This  Report  is  an  almost  exhaustive 
exposition  of  the  systems  of  education  and  methods  of  instruction  in  use  at 
the  time  in  England,  France,  Prussia,  Austria,  Switzerland,  and  Italy. 
The  accounts  which  are  giveu  of  the  different  schools  of  Europe  are 
founded  on  personal  inspection,  the  results  being  noted  down  at  the  time 
wit!)  his  habitual  regard  for  accuracy. 

After  completing  his  report  he  was  prepared  to  commence  the  organiza- 
tion of  the  College,  but  the  Trustees,  partly  on  account  of  the  unfinished 
condition  of  the  building,  and  partly  from  a  \vant  of  the  final  adjustment 
of  the  funds,  were  not  disposed  to  put  the  Institution  into  operation.  Iu 
the  meantime,  Professor  Bache,  desirous  of  rendering  the  information  he 
had  acquired  of  immediate  practical  use  offered  his  services  gratuitously  to 
the  municipal  authorities  of  Philadelphia  to  organise  on  an  improved  basis 
a  system  of  public  education  for  that  city.  This  offer  was  readily  accepted  ; 
and  be  commenced  the  work  with  his  usual  energy,  and  with  the  cordial 
support  of  the  Directors  and  Teachers  of  the  common  schools.  The  result 
of  his  labours  was  the  establishment  of  the  best  system  of  combined  free 
education  which  had  at  that  time  been  adopted  m  the  United  States. 
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In  1842,  having  completed  the  orgiiuization  of  the  school?,  and  liii  lliig 
that  the  Trustees  of  the  College  were  still  unprepared  to  open  the  Iii.>hLu- 
tion,  he  resigned  all  connexion  with  it,  and  yielded  to  the  solicitations  of 
the  Trastees  of  the  Universitj  to  return  to  his  former  chair  of  Natural 
Philosophy  and  Cbemutry.  During  his  travels  in  Europe  he  provided 
Umaelf  with  portable  instramcnts,  and  made  a  series  of  observations  on 
the  dip  and  intensity  of  terrestrial  magnetism  at  prominent  points  on  the 
Continent  and  in  Great  Britain,  with  the  view  of  ascertaining  the  relative 
intensity  of  the  magnetie  force  in  Europe  and  America.  The  observations 
also  served  in  most  instances  to  settle  with  greater  precision  the  magnetic 
condition  of  the  pmnts  at  which  they  were  made.  In  the  midst  of  the 
labour  of  organising  the  schools  of  Philadelpha  he  cooperated  actively 
with  the  British  Association  in  determining  the  flnctaations  of  the  magnetie 
and  meteorological  elements  of  the  globe  by  contemporaneous  observations 
at  places  widely  separated  from  each  other.  He  established  an  Observatory, 
which  was  furnished  with  a  complete  series  of  the  best  instruments  by  the 
Oirard  College,  and  was  supported  by  the  American  Philosophical  Society* 
and  a  number  of  liberal  and  intelligent  individuals.  The  observations* 
which  were  continued  at  short  intervals  day  and  night  for  five  yearai,  form 
a  rich  mine  from  which,  until  within  the  last  few  years  of  his  life,  he  drew  a 
highly  interesting  series  of  results  without  exhausting  the  material*  In 
addition  to  these  observations^  he  made  during  his  summer  vacations  a 
magnetic  survey  of  Pennsylvania. 

In  NoTcmber  1843,  on  the  oceasion  of  the  death  of  Mr.  Hassler,  he  was 
called  to  take  charge  of  the  United  States  Coast  Survey.  Though  he 
undertook  the  task  with  many  misgivingff,  it  may  be  truly  said  that  no 
other  living  man  was  so  well  qualified  to  secure  the  results  which  the  nation 
and  its  commercial  interests  demanded.  His  education  at  West  Point,  his 
skill  in  original  investigations,  his  thorough  familiarity  with  applied  science, 
bis  knowledge  of  the  world  and  his  gentlemanly  deportment  were  all  essen- 
tial elements  in  the  successful  prosecution  of  the  Survey.  Besides  these 
qnalificationshe  possessed  rare  executive  ability,  and  governed  and  guided 
the  diverse  elements  of  the  vast  undertaking  with  consummate  tact  and  skill. 
Quick  to  perceive  and  acknowledge  merit  in  others,  he  rapidly  gathered 
around  him  a  corps  of  men  eminently  well  qualified  for  the  execution  of 
the  task<!  to  which  he  severally  assigned  them.  Up  to  the  time  of  the 
appointment  of  Professor  Bache  little  more  than  a  beginning  of  the  Survey 
had  been  made.  It  extended  only  as  far  from  New  York  harbour  as  Point 
Judith  on  the  east  coast,  and  southward  to  Cape  ITenlnpen.  The  new 
Superintendent  saw  the  necessity  of  greatly  enlarging  the  plan  so  as  to 
rtnbrace  a  much  broader  field  than  it  had  previously  inclndrd.  He  divided 
the  whole  coast-line  into  seetions,  and  instituted  under  sepanitc  jku  Ius  the 
<???<sential  oj)erations  of  the  Survey  simultaneously  in  each.  He  coninienced 
the  exploratioa  of  the  Gulf-stream,  and  at  the  same  lime  projected  a  series 
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cf  observations  on  the  tides,  also  of  the  rragnetism  of  tlie  ftoih,  ftnd  tli« 
direction  of  the  win  d  m  different  seaFons  of  the  year.  He  aUo  instituted  a 
succession  of  rcscarclus  in  ngardto  the  bottom  of  the  ocean  within  sound- 
ings, and  the  fornns  of  animal  life  which  arc  tbnnd  there,  thus  ofiPering  new 
and  unexpcetcd  indications  to  the  navigator.  He  pressed  the  electric  tele- 
graph into  tlie  service  for  the  Hett  rinination  of  the  longitude,  photography 
for  the  ready  reproduction  of  charts,  and  the  art  of  electrotyping  for  multi- 
plying copperplate  engraving,  rrolessor  Bache,  with  his  enlightened  appre- 
ciation of  the  vahie  of  abstract  science,  kept  constantly  in  yicw  the  various 
problems  relative  to  the  physics  of  tlie  g\o\)Q  whicli  were  incidentally  con- 
nected with  the  survey  of  the  coast,  and  ever  cherished  the  hope  of  being 
permitted  to  finish  his  labours  l)y  their  solution.  Among  these  was  a  new 
determination  of  the  magnitude  and  form  of  the  earth,  the  variations  in 
the  intensity  of  gravity  at  various  pouiis  on  the  continent  of  North  Ame- 
rica, the  discussion  of  the  general  theory  of  the  tides,  the  iiiagnetic 
condition  of  the  continent,  and  tiie  iinpiuvctiicnt  of  the  p^eneral  ma{>  of 
the  United  States  by  delennining  in  relation  to  the  coast-line,  the  geogra- 
phical positions  of  the  most  important  points  in  the  interior. 

He  was  Superintendent  of  Weights  and  Measures,  and  rendered  im- 
portant services  as  a  Mcniber  of  a  Commission  to  examine  the  condition  of 
the  Light  Hou?e  System.  In  1846  he  was  named  one  of  the  Regents  nf 
the  Smithsonian  Institution,  and  by  successive  reelection  was  contiiuunl 
in  this  office  until  his  death.  At  the  request  of  the  Governor  of  reiinsyl- 
vania,  although  ovtiwhi  luud  with  other  public  labours,  he  planned  a  Ime 
of  defences  for  Philadelphia,  and  to  n  considerable  extent  personally  super- 
intended their  con«ti  lu  ( inn.  Tliis  woik  proved  too  much  for  his  strength, 
and  brought  im  the  luiilady  which  terminated  his  life. 

After  some  jiremonitory  symptoms,  which,  however,  did  not  dimiui-h  his 
exertions,  be  was  suddenly  deprived  in  a  considerable  degree  of  the  jiowcr 
of  IcK  (luiotion,  and  of  the  expression  of  his  ideas.  F  )r  ^LM  Vfi!  munili-  he 
^  ery  anxious  about  the  business  of  the  Coast  Survey,  and  it  Wiu  with 
ditlicultv  that  he  could  be  restrained  from  ri  vuinint:  tiie  full  duties  of  his 
othce.  it  W{i8  hoped  that  a  voyage  to  Europe  would  be  of  service  to  him  ; 
the  journey,  however,  was  productive  of  no  permanent  advantage ;  and  after 
lingering  for  more  than  two  years,  he  departed  this  life  on  the  l/th  of 
Ftbrinirv  1  8('7. 

U  \v  Americans  have  been  more  highly  honoured  at  home  or  more 
appreciated  abroad.  lie  was  President  of  the  American  Philosophical 
Society,  of  the  American  Association  for  the  Advancement  of  Science, 
and  of  the  National  Academy  of  ?>eieru'es  latelv  p-tablished  by  Congress. 
He  was  a  Foreign  I\ieinber  of  tiie  Royal  Society  of  Edinburgh,  the 
Royal  Irish  Academy,  the  Hoyal  Astronomical  Society,  a  Corresponding' 
Member  of  the  Imperial  Institute  of  France,  of  the  Imperial  Arndemv  of 
St.  Peterbburg,  of  the  Royal  Academy  of  Turin,  of  the  Institute  of 
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Bologna,  of  the  Royai  an  1  Iiiijii  rial  Goographiciil  Society  of  Viemi  i,  luil 
the  MiiLiieiiiuliral  Society  of  llumljurg.  He  was  elected  a  Foreign  -Mem- 
ber of  the  Koyal  Society  in  1860. 

The  precedinf^  notice  has  been  exfractcd  from  a  manuscript  memoir  of 
rrofesa<>r  Uaclie  kiudlj  supplied  by  Dr.  Josepli  iicnry. 

• 

Georg  F  RinoRicH  Bernhard  Kiemann  was  born  on  the  ITth  of  Sep- 
tember 1826  hL  the  village  of  Bresclcnz,  near  Daniicnbcrg,  in  Hanover.  He 
was  the  second  of  six  chilJi ta  bum  to  the  Pastor  of  Breselenz.  Under  his 
father's  sole  tuition  till  eight  years  of  age,  he  exhibited  great  powers  of 
I  calculation.  An  able  tutor,  who  from  this  time  assisted  in 
teaching  liim,  was  forced  to  make  unusual  exertions  in  order  to  follow  the 
short  and  original  solutions  of  the  problems  proposed  to  his  pupil. 

In  the  spring  of  1810  Riemann  was  sent  to  the  Lvceuin  in  Hanoaer, 
where  he  reni-iined  two  years.  He  was  then  placed  iu  the  (iymnasium  of 
Liineburg  under  Director  Schnialfuss.  The  latter  soon  discovered  Ilie- 
mann's  mathematical  talent,  and  not  only  gave  hint  problems  made 
expressly  for  him  during  school  hour<5,  but  lent  him  works  on  the  higher 
mathematical  subjects,  wliicii  he  bi  )n<:lis,  back  after  having  thoroughly 
mastered  them  in  the  course  of  a  few  days.  A  week  sufficed  to  make 
Legeiulre's  theory  of  numbers  his  own  h*r  life. 

He  entered  the  University  of  Gottingen  at  Easter  1816,  by  his  father's 
wish,  as  a  student  of  theology.  Here  the  lectures  of  Gau.ss  stirred  up  in 
him  such  a  passiou  for  exact  science  that  he  sought  and  obtained  permis- 
sion from  his  father  to  devote  himself  entirely  to  the  studies  of  his  choice. 
For  two  years,  commencing  with  Easter  1847,  he  studied  under  Jacobi  at 
Berlin.  He  then  returned  to, Gottingen,  and  graduated,  his  dissertation 
on  the  foundations  of  a  general  theory  of  functions  of  a  variable  complex 
magnitude  obtaining  the  warm  approval  of  Gauss. 

In  1Sj4  he  (pnilitied  for  the  post  of  a  teacher  by  a  lectiire  on  the  hypo- 
theses on  which  L'eonietry  is  founded,  and  by  writing  a  memoir  on  the  re- 
presentation of  a  f  inu  lion  by  a  trigonometric  series.  In  September  of  the 
same  year  he  wrote  on  the  distribution  of  electricity  in  non-conductors. 
In  IS.V'i  he  contributed  to  PogsendortFs  '  Annalen  '  a  |)aj)er  on  the  theory 
of  .Xobili  s  coloured  rings,  and  one  on  the  niatheuiatical  theory  of  the  gal- 
vanic current.  During  the  two  following  years  he  suffered  much  from 
failing  health. 

In  \H.')7  he  became  Professor  Extraordlnarius,  and  wrote  four  papers 
which  ajipeared  in  vol.  liv.  of  Crelle's  Journal.  Iu  18.')9  he  was  elected 
a  Corre>ponding  l^fember  nf  the  Academy  of  Sciences  of  Berlin,  and  con- 
tributed to  the  '  Abhaiiiilungen '  of  the  Academy  a  memoir  on  thr  nun - 
bcr  of  primes  below  a  given  nxmiber,  and  was  nominated  Professor  Ordi- 
narius.  In  18ti0  he  was  elected  a  member  of  the  Academy  of  Sciences  of 
Gottingen,  and  in  the  eour>e  of  this  and  the  followin<?  vt  ;ir  wrote  a  me- 
moir on  the  propagation  of  plane  waves  of  finite  amplitude  in  air,  and  one 
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on  the  motion  of  a  fluiil  homogeneous  ellipsoiil,  Tliese  two  memoirs  were 
printed  in  the  eighth  and  uinth  volumes  of  the  '  Abbandhiugen  '  of  the 

Society. 

Riemann  married  in  ISf)?.  Tn  July  of  the  same  year  he  niffrred  from 
an  attack  of  jdeurisy.  Through  the  good  otRces  of  Professors  Weber  and 
V.  Waltershausen  he  obtained  leave  of  absence  and  pecuniary  assi«^tnnce 
from  a  fund  available  for  such  purposes,  to  enahle  him  to  travel  iu  Italy, 
lie  (piitted  Gottingen  in  November  and  passed  the  winter  in  Messina.  His 
health  in  some  degree  restored,  he  left  Messina  in  March  18G3,  on  his 
home'.vard  journey,  stopping  in  Palermo,  Xajde«,  Rome,  Pisa,  Florence,  and 
jSrilun,  and  making  the  acquaintance  of  the  most  di^tiuL^uistied  men  of 
science  of  Italy.  He  arrived  in  Gdttingen  in  July,  suHermg  from  a  re- 
lapse caused  by  exposure  to  cold  in  crossing  the  Spliigen.  In  the  following 
August  he  entered  upon  his  sec(uid  journey  to  Italy.  The  Professorship 
at  Pisa,  vacant  bv  the  death  of  Alosrjtti,  \va«  offered  to  him  at  the  suLrjjes- 
tion  of  Professor  Betti,  but  declined  by  the  advice  of  Riemann's  friends  on 
account  of  the  st^te  of  his  health.  He  passed  two  successive  winters  in 
Pisa.  In  the  autumn  of  18C5  he  returned  to  Gottingen,  ami  began  to 
write  a  paper  on  the  mechanism  of  the  ear,  which  was  published  after  his 
death  by  Professors  Ilenlc  and  Schering.  lie  entrusted  the  completion 
of  a  paj)er  on  the  surtace  of  least  area,  having  a  given  boundary,  to  Dr. 
Ilattendorff.  This  paper  is  printed  in  vol.  xiii.  of  the  *  Abhandlungea '  of 
the  Society  of  Gottingen,  T>esirou8  of  passing  some  months  on  the  shores 
of  the  Lago  Maggiore  in  order  to  collect  strength  sufficient  to  enable  him 
to  complete  his  unfinished  works,  he  left  Gottingen  on  the  16th  of  June 
1866,  and  after  some  delay,  caused  by  the  eveDts  of  the  war,  reached 
Lago  Maggiore  on  the  23rd  of  the  same  month. 

Perfectly  conscious  of  his  approaching  end,  and  fully  prepared  for  it,  he 
repeatedly  urged  his  physician  to  tell  him  how  long  lie  had  to  live,  in  order 
that  he  might  thereby  be  giiided  in  the  selection  of  a  labour  that  it  might 
be  possible  for  him  to  complete.  He  died  in  entire  possession  of  his 
faculties  on  the  20th  of  July  1 8(1(1,  at  Selasca,  near  Intra^  on  the  Lago 
Ma^ore,  having  only  the  day  before  worked  on  the  mechanism  of  the 
organs  of  hearings  whibt  he  warned  his  attendants  that  his  death  was  at 
hand. 

He  is  gratefully  remembered  by  his  pupils  for  his  liberality  in  imparting 
to  them  the  results  of  known,  new  and  important  unpublished  researehes, 
and  for  the  unwearied  seal  with  which  he  strove  to  impress  upon  them  the 
whole  truth  of  his  lessons. 

The  materials  for  the  preceding  sketch  of  Professor  Riemann's  life  were 
obtained  from  a  '  Gediichtniss-Kede,*  addressed  to  the  Royal  Society  of 
Gdttingen  by  Professor  Schering,  and  some  manuscript  notes  supplied  by 
Professor  Clebsch* 
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Sia  Edmund  Walkbe  Hbad  iras  bom  at  Wiarton  Place,  Kent, 
February  16,  1805.  His  ancestor,  created  a  baronet  in  16/6,  resided  at 
the  hermitage  near  Rochester,  In  Kent ;  and  his  seat  is  said  to  have  af- 
forded shelter  to  James  the  Second  during  the  memonible  week  of  December 
1688,  the  last  which  he  spent  in  England.  The  grandfather  of  the  sub- 
ject of  our  memoir.  Sir  Edmund,  emigrated  to  America,  and  settled  at 
Charleston.  In  the  "War  of  Independence  be  took  the  Royalist  side,  lost 
the  greater  part  of  his  forfmie,  aiul  returned  to  England,  bringing  with 
him  his  son,  afterwards  Sir  John.  Tliis  portion  of  the  family  history  was 
much  noted  in  Canada  aiul  in  New  Brunswick  when  tho  descendant  and 
namesake  of  this  Sir  Ednjund  went  to  administer  the  government  of  those 
prorincea,  iu  both  of  which  there  are  many  families  descended  from  the 
**  loyalists"  of  the  lai>t  century. 

Sir  John  became  a  clergyman,  and  had  l)y  his  wile,  Miss  Walker,  two 
children.  Sir  Edmund  and  Annette,  wife  of  the  Baron  de  MUanges.  He 
died  in  IS.'iy. 

Edmund  was  sent  to  Wincliegter  in  1815,  where  he  became,  through  his 
rapid  profieiency,  a  very  favourite  jiupil  of  Dr.  Gabeli,  the  then  head 
master.  "It  is  hard,"  writes  the  Doctor  to  Sir  John,  in  18*2'2,  "to  part 
with  so  delightful  a  boy ;  but  there  is  virme  iu  parting  wuli  him:  pray 
do  not  detain  him  beyond  the  proper  time."  He  entered  Oriel  College, 
Oxford,  as  a  gentleman  toaunoner  in  January  1824,  was  tirst  class  in 
classics  1S27,  and  elected  to  a  fellowship  of  Merton. 

Tlius  introduced  into  the  academical  world  of  his  day,  Edmund  Head 
became  familiar,  and  continued  so  through  his  life,  with  many  of  the 
leading  men  of  that  remarkable  time  for  Oxford,  and  especially  for  Oriel : 
the  two  Newmans,  the  three  Vilberforces,  Vxtmie,  Manning,  Wrangham, 
Edward  VUlien,  Denlson,  the  Bishop  of  Salisbuiy  were  all  more  or  leii 
nearly  his  cotemporaries,  and  members  of  his  Oxford  cirde.   Bat  of  the 
friendships  which  he  formed  at  that  pUu»,  the  most  lasting,  and  in  its  con- 
sequences to  himself  the  most  important,  was  with  George  Comewall  Lewis, 
then  student  of  Christ  Church.   No  two  men  could  be  more  singularly 
fitted  to  love  and  esteem  each  other,  and,  in  a  certain  sense,  to  supply 
each  other^s  deficiencies.   Both  were  strongly  addicted  to  the  study  of  the 
past ;  but  Lewis  more  in  relation  to  antiquities  and  politics.  Head  especially 
in  the  province  of  bistory  and  art.  Both  were  classical  scholars  of  mark — 
Lewis,  no  doubt,  with  fitr  more  of  iudustij  and  research.  Head  with  at 
least  equal  elegance.   Both  were  early  engaged  in  the  same  line  of  political 
and  sodal  speculations ;  and  in  both  liberal  tendencies  were  accompanied 
by  the  same  smgnlar  candour  and  modesty  of  judgment.   Some  of  the 
epitaph,  so  to  speak,  composed  by  Sir  Bdmund  for  his  predeceased  friend, 
in  his  preface  to  *  Lewises  collected  Essays  on  the  Administration  of  Great 
Britain'  (1S64),  seems,  to  those  who  knew  and  valued  them  both,  to 
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illustrate  his  own  cliRractfr  almost  as  much  as  that  of  tiie  subject  of  his 
panegyric.  "  He  rarely  formed  an  opiaion  without  looking  at  all  sides  of 
the  question  before  him,  or  without  haring  recourse  to  all  accessible 
sources  of  information,  which  few  mt  n  ktiew  so  well  where  to  seek  as  he 
himself  did.  He  was  deluded  by  no  prejudices,  and  jumped  to  no  con- 
clusions without  testing  them  by  the  application  of  sound  common  sense. 
When  he  had  thus  formed  an  opiuior),  he  adhered  to  it  steadily,  but  not 
obstinately.  He  was  ever  open  to  argument,  and  he  never  refn*od  to  liste'i 
to  it  because  it  conflicted  witli  lu^  own  view  of  the  case.  He  had  none  o. 
those  crotchets  or  fancies  lurking  ia  his  mind  which  so  often  taint  the 


reasonini?." 


The  classicnl  R^^olnIlli^l!tnl■llts  oi  Sir  Edmund's  earlv  rears  bo  retained 
throuj^h  life,  though  muUipiu  ity  of  business  on  the  one  hand,  and  the  pre- 
valence in  bis  mind  of  other  taaUs,  cspeciallv  for  nrt,  on  the  other,  ])rc- 
vented  him  frum  "keeping  up"  his  classics  as  sedulously  as  some  oiiier 
politicians  of  his  generation  have  done.  But  the  readiness  with  which  he 
could  apply  his  early  knowledge  was  often  displayed — never  more  neatly 
than  in  the  prefatory  quotation  which  he  furnished  to  Professor  Tyndall 
for  his  paper  oa  Oalorcscence  (Phil.  Trans.,  Read  No?.  23,  1865}. 

Fomtan  et  roaek  sol  alt^  lampade  lucens 
^oasideat  multutn  ci^cis  fervoribua  igoeni, 
CircOm  se,  nuUo.  ^ni  sit  fulgore  notatps, 
.^tiferum  ut  tantdm  radiorum  exi^ugeat  ictum. 

Lttcret.  KO* 

"I  am  indebted  to  my  excelkul  friend  Sir  Edmund  Head,"  says  the 
eminent  Professor,  "  for  this  extract,  which  reads  like  divination." 

Not  long  after  his  ekelion  to  IVIerton  in  the  year  I830-.S1,  Sir  Edmund 
travelled  over  most  part  of  Spain  in  company  with  David  liobc  i  u  ibe 
artist,  then  engaged  in  making  drawings  for  his  work  on  that  country. 
Three  of  the  pluUs  in  that  work,  luaiicly  the  view  of  Rouda,  of  ihe  viaduct 
at  Segovia,  and  the  bridufc  iii  Toledo,  are  from  his  skelchts.  It  was  on 
this  occasion  that  he  made  acquaintance  with  Uicliard  Ford  (then  resi- 
ding at  Seville),  the  accomplished  and  gtuial  author  of  the  '  Handbook  fop 
Spain,'  which  ripened  into  a  durable  intimacy. 

Sir  Edmund  brought  back  Irom  his  tour  in  Spain,  and  als  )  in  Italy,  an 
increased  devotion  to  the  pursuits  of  what  was  formerly  termed  a  "vir- 
tuoso," fondness  for  art,  and  familiarity  with  its  luitory  and  specialties, 
especially  the  art  of  painting.  The  second  part  of  Kugler's  '  llaud- 
book  of  Painting,'  published  in  English  by  ^lurrav,  tlial  which  relates  to 
tbe  German,  French,  and  Duteli  schools,  was  edited  by  him.  The  third 
part  (Spanish  and  French  schools,  published  as  a  separate  work  m  1848) 
is  his  composition. 

It  was  his  intention,  on  leaving  Oxford,  to  follow  the  civil  law  as  a  pro-> 
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feanooj  but  htB  scheme  of  life  was  altered  through  his  intlniRcy  with 
Lewis,  whose  father,  Sir  Fraokhuicl»  was  at  the  head  of  the  Poor  Law 
Boerd.  Through  the  son's  tnfluence,  Uead  became  Assistaut  Poor  Law 
Commissioiier  in  1836.  lie  organized  the  unions  in  Uerefordahire,  the 
district  assigned  to  him.  It  was  on  that  occasion  that  he  made  the  acquaint- 
ance of  the  lady  who  became  his  wife,  Anna  Maria,  third  daughter  of  the 
Rer.  Philip  Yorke.  They  were  married  in  1838.  In  the  same  jear  the 
baronetcy  devolved  on  him  by  the  death  of  his  father.  The  issue  of  the 
marriage  were  three  children — a  fioo>  accideutalljr  drowned  in  Canada*  and 
two  dauglitcrs,  surviving. 

From  Herefordshire  he  wn?  transferred  to  tlic  London  district,  and  in 
1841,  ou  the  resignation  ol"  Sir  John  Jefevre,  })(*came  one  of  the  chief 
Commissioners,  with  his  iVit  iid  Lewis  and  Sir  (iLurire  Nicholl.  This  me- 
moir does  not  afford  an  occasion  for  recurring  to  the  accusations  and  Par. 
liameatary  discussions,  with  which,  indeed,  Sir  Edmund  had  personally 
little  to  do,  which  produced  the  disruption  of  that  Hoard  in  1847.  It  was 
reconstituted  by  Act  ot  ParliHiiient  in  that  year  under  a  new  organization  ; 
but  Lewis  and  Head  were  not  included  in  the  latter. 

In  184  7  Sir  Edmund  was  appointed  Lieutenant-Governor  of  New 
BriHHwick  by  l^rd  (irey,  then  Secretary  for  the  Colonies.  The  period  of 
Ins  aj»puiutment  coincided  with  that  of  a  ejreat  constitutional  change  in  the 
government  of  the  dependencies  of  Great  Britain,  the  introduction  of  what 
is  called  "  responsible  government.**  Canada  was  already  undergoing  the 
transition  to  the  new  state  of  thincrs  urifkr  tlic  ;d)le  management  of  the 
Karl  of  Elgin,  New  Brunswick  uuJ  Nova  ScoLiu  vsere  the  next  bubjects  of 
experiment.  Although  the  tield  of  action  thus  afforded  to  Sir  Edmund 
was  but  a  small  one,  it  was  one  wIjicL  taxed  the  abilities  and  the  temper 
of  the  administrator  to  the  full  extent.  He  occupied  a  post  exposed  to 
attack,  on  the  one  side,  fioui  colonial  politicians  who  were  bent  on  push- 
ing their  newly  gained  independence  to  excess,  and  British  members  of 
Parliament  and  politicians  on  the  other,  who  eould  not  for  a  long  time  be 
brought  to  comprehend  the  nature  of  the  gift  which  they  had  bestowed, 
nor  why  a  eolonj,  having  achieved  the  right  to  conduct  its  own  afihiis,  was 
to  be  allowed  to  conduct  them  in  a  way  which  they  disliked.  And  many 
points  of  serious  differenee  were  loug  left  unsettled — ^the  management  of 
the  public  laws,  the  disposal  of  the  reserved  revenue,  then  called  the  "civil 
list,'*  the  embarrassing  question  of  the  initiation  of  money  votes  by  the 
local  government  instead  of  at  the  caprice  of  individual  members.  During 
seven  years  of  government  in  New  Brunswick  Sir  Edmund  Head  contrived 
so  far  to  smooth  away  these  causes  of  differences,  that  few  portions  of  the 
British  empire  have  been  better  or  more  quietly  governed  than  that  which 
he  conducted  through  this  first  stage  of  self-government.  Cautious  almost 
to  excess,  entirely  free  from  that  self-importance  which  induces  oolonUil 
governors  at  times  to  forget  that  the  maxim  of  *'  reigning  and  not  govern. 
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ing"  is  to  l)c  rarc-l'iilly  f'ollowcil  iwccjjt  in  jjiculiar  cmt  r^t  nces,  he  united 
with  tlu.sL'  (ju.tiiiies  a  very  cousc ientious  loyalty  to  those  with  whom  he 
was  plactcl  in  contact.  To  let  every  project  which  he  initiated  be  thorou«:hly 
known  bef'ureiiand  to  his  local  advisers  ou  the  one  liand,  and  to  his  suj>e- 
riors  in  office  at  liome  on  the  otlicr,  was  with  laui  a  rundaniental  rule  of 
conduct.  And  the  result  was,  that,  though  often  opposed  on  the  one  liand 
and  sometimes  overruled  on  the  other,  he  was  always  and  thoroughly 
trusted. 

The  monotony  of  colonial  life  in  a  remote  and  thinly  peopled  province  was 
diversified,  for  Sir  Edmund  Head,  by  a  strong  love  of  nature  aiul  attach- 
ment to  outdoor  pursuits.  He  had  a  taste  for  geology,  and  induced  the 
legislature  of  New  Brunswick  tu  employ  Professor  Johnston  to  survey  the 
province,  and  publish  a  report  ou  its  agricultural  capabilities  based  on  its 
geological  formation — a  work  of  considerable  local  value.  In  later  years 
he  took  great  interest  in  the  geological  survey  of  Canada,  accompanied  Sir 
William  Logan  in  his  field  operations,  and  took  part  in  many  a  discus- 
sion on  the  mysteries  of  the  *'  Laurentian  strata.**  And  besides  his  ad- 
diction  to  landscape-art  and  the  picturesque,  he  was,  moreover,  a  very 
eager  and  accomplished  sportsman.  Some  of  his  happiest  intervals  of 
busy  life  were  spent  in  the  wild  backwoods  of  New  Brunswick,  with  Lady 
Head  for  his  companion,  geologizing,  sketcliinfr,  tishingr,  and  shooting, 
until  the  close  of  the  late  Indian  summer  called  them  back  to  othcial  em- 
ployment. 

In  September  18.') 4  Sir  Edujund  Head  was  promoted  to  the  office  of 
Governor  of  Canada  and  (jovernor-General  of  British  North  A  itierira,  on 
the  resignation  of  Lord  Elgin.  In  this  instance  Lord  Elgin  Inul  the 
fouiulation  of  that  system  of  government  which  was  afterwards  admiiiis- 
tercd  by  Sir  Edmund.  But  the  period  of  his  admiuistraiiou  was  »igualized 
by  serious  difficulties  and  important  changes. 

Not  long  after  his  assumption  of  the  (iovernment  of  Canada  the  Russian 
war  broke  out  (18.54-."jG).  It  will  be  in  the  recollection  of  those  who 
watched  the  events  of  that  anxious  period  into  what  embarrassment  ilns 
roiiiitry  was  for  a  time  thrown  by  the  difficulty  of  obtaining  soldiers  for 
oui  unmediate  deniaiiJ,  and  how  greatly  that  euibarrassment  was  increased 
by  the  apprehension  on  that  subject,  amounting  to  a  panic,  which  took 
[>osscssion  of  the  public  mind.  Well-meaning  hut  over  zealous  agents 
suggested,  and  attempted,  the  levy  of  recruits  among  British  subjects,  not 
only  in  our  American  colonies,  Lut  in  the  I'nited  States.  Higijth  or 
wrongly,  the  jealous  spirit  of  our  kuidred  of  the  Hej)ublic  was  aroused  by 
the  proposal,  an<l  by  the  very  slight  attempts  which  were  luade  to  cnrrv  it 
into  execution.  Sir  Edmund  Head,  nceustomed  as  he  was  to  liialaig 
witlj  the  Americans,  saw  at  once  its  extreme  danger  ami  chu  kid  it  imme- 
diate! v,  at  all  hazards  to  his  own  po}mlarity,  along  the  precarious  line  of 
bouudary  between  his  colony  and  the  States. 
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"  I  am  not  in  the  habit  of  boasting,"  he  says  in  a  prirate  letter  of  this 
date ;  "  nor  do  I  pretend  to  haw  foreseen  all  the  consequences ;  but  I  sin- 
cerely believe  that  if  I  had  given  in  to  some  of  the  recruiting  sdiemes,  and 
had  thus  generated  a  hostile  feeling  at  Buffalo  and  along  the  frontier^  war 
would  have  been  upon  us  before  this  time."  The  danger  was  averted  $ 
and  Sir  Edmund  employed  himself  in  promoting  the  more  worthy  plan  of 
raismg  troops  openly  in  Canada  itself.  This  was  accomplished,  or  at  least 
initiated,  by  the  levy  of  the  **  hundredth,'*  or  *<  Canadian  "  r^ment.  But 
the  terminatiou  of  hostilities  rendered  its  services  unnecessary.  It  was  a 
strong  proof,  however,  of  the  popularity  of  the  measure  in  the  colony,  that 
Sir  Edward  received  between  two  and  three  hundred  applications  for  officers' 
commiaaions. 

The  next  question  which  engaged  Sir  Edmund  Head's  serious  attention 
was  one  of  magnitude  in  itself,  but  rendered  more  difficult  by  the  amount 
of  local  interests  and  rivalries  which  were  engaged  in  it.  Upper  and 
Lower  (Canada  had  been  united  into  a  single  province,  some  years  before, 
under  the  administration  of  the  colonies  by  Lord  John  Russell.  But  no 
decision  was  arrived  at  respecting  the  permanent  sent  of  the  future  govern- 
ment. Since  the  union,  therefore,  the  executive  had  been  located,  in  alter- 
nate years,  at  Quebec  and  at  Toronto — a  change  attended  with  much  in- 
convenience to  the  public  service.  But  to  fix  on  a  single  capital  was  a  de- 
cision which  the  local  ministries  shrank  from  taking,  naturally  fearful,  as 
they  were,  of  encountering;  the  hostility  of  the  rejected  candidates.  They 
therefore  acquiesced  in  the  course  advised  by  Sir  Etinunul  Head,  of  referring 
the  question  to  the  decision  of  the  Queen,  and  praying  lier  .Majesty  to  se- 
lect tlie  site  of  their  eventual  metropolis.  But  the  corporations  of  all  the 
town«^,  which  conceived  themselves  to  have  a  claim  to  this  honour  and  ad- 
vantage, were  to  be  first  admitted  to  urge  their  respective  claims.  Accord- 
ingly, in  the  course  of  1857,  Quebec,  Toronto,  Monti  eal,  Kingston,  Ottawa, 
and  Hamilton  gave  in  their  several  memorials,  shoiMi  their  respective  ad- 
vantages in  point  of  population,  commerce,  position,  and  i  apal)ilities  of 
defence  ;  and  the  case  in  behalf  of  each  was  nrj^cd  with  considerable  abi- 
Hty.  Sir  Edmund  Head's  opinion  was  in  favour  of  Ottawa;  and  that 
place  was  ultimately  selected  by  the  Queen  iu  the  Ministry  of  Lord  Pal- 
merston,  but  not  without  much  careful  investigation.  The  difficulties  of 
the  question,  however,  did  not  cease  here.  The  youthful  democraey  of 
Canada  were  not  easy  to  hold  fast ;  and  a  considerable  (li>j)osition  was 
manifested  to  repudiate  the  decision  which  the  Crown  Inul  taken  on  the 
invitation  of  the  coiumal  autliorities  themselves.  This  opjiosition  was 
surmounti  d,  however,  through  the  patience  and  tact  of  the  Governor,  as 
well  as  the  jreneral  good  sense  of  the  community,  and  the  cunvictiou 
that  (ludeptiuiently  of  the  bitiiiing  engagement  into  which  they  had 
entered  towards  the  Crown)  the  problem  was  really  soluble  in  no 
other  way.    Ottawa,  situated  ou  the  frontier  between  the  two  ancient 
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provinces,  became  the  capital  of  the  colony,  and  is  bow  thai  of  the  con- 
federated "dominioo." 

In  the  same  yenr,  and  iu  the  conduct  of  those  negotiations, 8ir  fUlmuud 
Head  visited  Eogland.  and  was  appointed  of  tl.e  PriTy  Council. 

In  I860  occurred  the  "progress"  of  His  Koyal  Highness  the  Prince  of 
Wales  through  British  North  America.  The  GoTemor^General  met 
the  royal  party  at  Gaspd,  at  the  mouth  of  the  St.  Lawrence,  and  accompa- 
nied t^em  in  their  lengthened  tour  through  his  province*  Shortly  after 
this  he  paid  a  Tisit  to  England,  on  which  occasion  be  was  made  a  Knight 
Commander  of  the  Bath. 

The  last  business  of  public  importance  in  which  Sir  Edmund  was  en- 
gaged ill  Canada  related  to  the  confederation  of  the  British  North-American 
pronnoes.  The  movement  towards  the  attainment  of  this  object  originated 
in  Canada.  By  the  terms  of  the  union  between  the  two  divisions  of  th»t 
province,  Canada  East  and  CnnRtla  West  had  an  equal  voice  in  the  pro- 
ceedings of  the  legislature.  But  the  latter  division  was  rapidly  ontgrow- 
ing  the  former  in  population  and  wealth.  The  result  was  a  collision  of 
interests  which  tended  to  a  deadlock  iu  the  Government-~the  reforming 
party  in  the  West  advancing  the  principle  of  representation  aoeording  to 
numbers,  the  East  clinging  to  that  equality  which  the  existing  ctmstitution 
secured  to  it.  To  obtain  the  union  of  the  so-called  Lower  Provinces  (Nora 
Scotia,  New  Brunswick,  Newfoundland,  Prince  Edward's  Island)  with 
Canada,  and  thus  to  recast  the  entire  political  arrangement,  wis  an  obvious 
expedient  for  getting  rid  of  the  difficulty.  Other  motives  concurred,  but 
this  was  the  principal ;  and  in  1858  delegates  from  Canada  waited  on  Sir 
£dward  Ly  tton,  then  Colonial  Minister,  in  order  to  urge  it.  The  Governor- 
General,  though  sincerely  anxious  to  promote  the  scheme^  thought  it  of  the 
Utmost  importance  that  the  initiative  should  be  taken  by  the  communities 
themselves  and  not  by  the  executive,  and  therefore  confined  himself  to 
the  exercise  of  his  good  offices  in  removing  all  difficulties  in  the  vrajr  of 
the  negotiation.  Personally,  he  was  of  opinion  that  the  best  course  would 
be  to  effect  a  union  between  between  the  Lower  Provinces  first,  and  then 
to  connect  the  new ly^consoli dated  dominion  with  Canada.  But  circum- 
stances rendered  it  tmpotsible  to  proceed  in  that  direction.  The  whol» 
project,  however,  was  adjourned!  for  some  time ;  nor  was  it  practically  re- 
vived until  after  the  departure  of  Sir  Edmund  from  Canada,  which  took 
place  in  1861.  It  was  finally  carried  into  execution  under  the  government 
of  his  successor,  Lord  Monk. 

From  the  position  which  he  had  held  in  the  University  of  Oxford  and 
his  taste  for  literary  pursuits,  it  might  have  been  expected  that  Sir  Edmund 
should  pay  attention  to  the  promotion  of  education  and  the  extensioD  of 
science  in  the  provinces  which  he  was  called  on  to  govern ;  and  the  sequel 
shows  tbat  he  successfully  exerted  his  inaueuce  to*  further  these  objected 
both  m  New  BrunsvFick  and  Canada. 
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In  New  Brunswick  he  took  a  lively  interest  in  the  extension  and  improve- 
ment of  the  Provincial  University  m  a  centre  of  liberal  etKication  ;  nnd  in 
order  to  overcome  local  difficulties  he  appointed  a  commission  of  intjuiry. 
Sir  Edmund  attended  the  meetings  of  the  Commissioners,  aiul  took  a  part 
in  their  (liscussioas ;  and  although  he  was  removed  to  Canada  before  the 
recunimeiulations  of  the  Commission  were  fully  acted  on,  cnongh  was  done 
to  ensure  the  permanence  of  the  University  and  enhance  it4  utility  to 
the  pro^  ince. 

On  entering  on  his  admiiiisfrahou  of  Canada,  one  of  the  first  acts  of  Sir 
Edmund  (1854-55)  was  to  juuiuoie  the  efforts  of  n  number  of  j)atru>tic 
gentlemen  then  engaged  in  the  attempt  to  reorgani/.e  the  M'Gill  University, 
the  only  endowed  institution  in  Lower  Canada  for  the  higher  education  of 
that  part  of  the  population  which  is  of  British  origin.  The!  Governor  not 
ouly  gave  substantial  aid  to  their  enterprise,  which  has  been  highly  suc- 
cessftil  and  beneficial  in  its  results,  but  through  his  influence  secured  the 
appointment  of  the  prcscjit  Principal,  Dr.  J.  W.  Dawsoa,  a  Fellow  of 
this  Society,  under  whom  a  tlourishing  school  of  natural  science  has  been 
established  in  connexion  with  the  University. 

It  was  also  largely  due  to  Sir  LJiuund's  influence  that  the  provincial 
normal  schools  of  Lower  Canada  were  succeiisfully  established ;  and  it  was 
during  his  administration  and  under  his  patronage  that  the  Natural-His- 
tory Society  of  Montreal  was  enabled  to  erect  a  new  biuldmg  and  greatly 
to  enlarge  its  coUoetioni  and  other  means  of  uieftilnoaA. 

In  Upper  Canada  the  Univenitj  of  Toronto  eipccially  has  reason  to  re* 
member  the  exertions  of  the  Governor  in  preventing  the  division  of  its 
endowments,  and  in  fbrtbering  the  erection  of  ita  new  and  magnifioent 
buildings. 

The  Geological  Surrey  of  Canada  nnder  Sir  William  Logan  was  regarded 
bj  Sir  Bdmnnd  as  an  object  of  special  interest  and  importance.  In  the 
first  year  of  bis  administration  be  antiboriied  the  angmentation  of  the 
fnnd  annually  voted  for  its  support,  raising  the  amount  from  eigbt  thoi^ 
sand  up  to  twenty  thousand  dollars ;  he  took  an  early  opportunity,  without 
solicitation,  of  considerably  increasing  the  salaries  of  the  staff;  and  when 
tbe  welfare  and  even  the  continuance  of  the  survey  were  endangered  by 
political  changes,  be  was  always  ready  to  befriend  it. 

These  efforts  of  Sir  Edmnnd  Head  made  bim  distinguished  as  a  Governor 
wbo  understood  the  subjects  and  sympathised  with  the  cultivators  of  science 
and  fiteratnre,  and  occasioned  tbe  termination  of  bis  government  to  be 
viewed  by  these  with  nncere  rf^pret. 

Seven  years  of  official  labour  in  New  Brunswick,  and  seven  in  Canada, 
were  now  to  be  followed  by  seven  years  of  comparative  rest,  which  com- 
pleted his  career.  But  his  period  of  retirement  was  employed  in  a  variety 
of  {)ublic  labours.  He  acted  for  several  years  as  an  unpaid  member  of  the 
Civil  Service  Commission  for  organising  competitive  examinations  for  ap* 
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pointmenU  in  t1i«  fmUie  lervice,  of  tbe  Gomniissioii  ^pointed  to  ooniider 
tbe  site  of  the  National  Gallerj^,  and  (ia  1867)  of  the  Trades*  UnioDi 
Comminton.  And  those  who  acted  with  him  in  these  seTeral  eapadties 
can  bear  testimony  to  the  influence  which  he  exercised  through  his  sing;u- 
larly  calm  and  temperate  judgment  and  the  unfailing  considerateness  with 
which  he  weighed  the  opinions  of  his  colleagues.  He  was  for  the  last  five 
years  of  his  life  Chairman  of  tbe  Hudson's  Bay  Company.  In  April  18(»3 
he  was  elected  a  Fellow  of  the  Royal  Society.  Besides  his  other  literary 
works,  of  which  mention  has  been  made,  he  was  the  author  of  the  little 
philological  essay  entitled  *'  Shall  and  Will,  two  chapters  on  future  auxi- 
liaryverbs"  (1856  and  1858)'-of  a  translation  of 'TigaGlum's  Saga'  from 
tbe  Icelandic  (186G)  (a  language  of  which  the  study  occupied  him  a  good 
deal  towards  the  end  of  his  life) — of  articles  on  art-subjects  iu  the  Edin- 
burgh Review,  on  Eastlake  (1847),  CavalcaseUa  (1865),  and  Holbein  (1866)» 
on  the  law  of  settlement,  on  the  American  Civil  War  (1862) — ^and  in  the 
Quarterly  on  Isaac  Taylor's  '  Words  and  Phases,'  and  the  *  Life  of  Sir 
John  Eliot.'  He  also  occasionally  amused  himself  with  poetical  com- 
position; his  essays  in  that  department,  chiefly  translations,  appeared 
from  time  to  time  in  Eraser's  Magazine.  He  was  engaged  at  the  time 
of  bis  death  on  editing  a  translation  of  Van  Prset*s  volume  of  historical 
miscellanies,  whi<^h  has  since  been  completed  by  Sir  Alexander  Gordon. 
If  the  subjects  to  which  bis  attention  was  thus  devoted  appear  to  in- 
dicate rather  a  discursive  mind  than  serious  addiction  to  any  individual 
study,  it  must  be  remembered  that  his  business  in  life  was  the  public 
service,  and  his  pursuits  in  literature  and  art  mere  accessories,  to  supply 
an  active  intellect  with  employment  in  the  intervals  of  its  appropriate 
labour. 

Sir  Edmnnd  Head  died  suddenly,  on  tbe  28th  of  January  1868,  pro* 
bably  of  disease  of  tbe  heart,  of  which  the  existence  was  unknown  to  himself 
and  his  friends.  With  him  the  old  Baronetcy  enjoyed  by  his  family  be- 
came extinct. 
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JoBN  Dayy  wu  bom  at  Penumce  on  the  24th  of  Afay,  1790 ;  wad  ha 
diad  in  hia  76th  year,  at  AmUeiide,  on  the  24th  of  January  kat.  He  was 
the  yonngeat  of  five  obUdran^  of  whom  Sir  Hnmphry  Davy,  bom  tweWe 
yeara  before  htm,  was  the  eldcat.  He  aunriYed  hia  brother  thirty*nine 
years ;  and  one  of  the  moit  narked  ^turea  in  hia  eharacter  for  the  whole 
of  thia  period*  and*  indaed,  of  hia  Wt,  waa  the  weU'deaerred  gratitude  and 
▼neration  with  which  he  regarded  that  famoua  philoaopher,  Hia  firat 
introductioD  to  scientific  life  waa  nade  at  the  age  of  eighteen,  in  the  La* 
boratory  of  the  Royal  Institution,  where  hia  brother  was  then  (1808)  in 
the  aenith  of  his  fame,  lecturing  and  prosecuting  chemical  reaeareh.  Dr. 
Da^y  always  considered  the  period  of  from  two  to  three  years  during 
which  he  acted  as  an  assistant  to  Sir  Humphry  as  one  of  the  happiest 
and  best  employed  of  bis  life.  On  relinquishing  this  post  he  studied 
medicine  in  Edinburgh,  whcrv  he  graduated  in  the  year  1814,  the  same 
year  in  which  he  was  made  a  Fellow  of  thia  Society.  From  the  year  1815, 
up  to  the  end  of  his  life,  he  held  various  appointments  in  various  parts  of 
the  world  in  the  Army  Medical  Department.  He  passed  a  life  of  great 
acttrity,  which  was  but  little  less  varied  than. this  short  sketch  will 
them  the  incidenta  of  his  history  to  have  been.  He  bus  left  behind  him 
numerous  papers  on  purely  scientific  subjects — chemical  and  biological ; 
be  baa  written  the  biatory  of  his  brother's  life,  and  has  also  edited  his 
works  ;  his  medical  experience  has  been  embodied  in  a  volume  treating  of 
Array  Diseases ;  and  he  has  written  accounts,  partly  scientific,  partly  of 
general  interest,  of  the  various  countries — Ceylon,  the  Ionian  Islands,  and 
the  West  Indies — in  which  he  was  at  different  perinds  of  his  life  stationed 
in  the  course  of  his  professional  duties.  The  tact  that  the  Royni  Society 
is  now  in  course  of  pnhlishinjT  a  Catalogue  of  Scientifir  i^\j)ers,  rnnJers  it 
suj>ertlu(Kis  to  specify  Dr.  Daw's  very  numerous  URiiioii  s  iiuli\ nluiiUy ; 
and  it  will  Ijc  the  aim  ot  this  notice  inorely  to  give  the  niaiii  featuies  of  his 
life  in  outline,  and  to  mark  only  the  chief  points  upon  which  his  muitilarious 
labours  threw  light. 

Tlic  first  remark  whicli  a  trlanee  at  a  list  of  his  coniributioius  to  science 
suggests,  relates  to  the  leni^tli  of  the  period  over  which  his  activity  in  the 
way  of  research  extended  itself.  His  first  paper  was  published  in 
•Mcholson's  Journal'  for  1811,  and  contanied  the  result  of  certain 
investigations  undertaken  in  vindication  of  the  doctrines  taught  by  hi;i 
brother  as  to  the  simple  nature  of  chlorine,  or  oxy muriatic  acid,  as  it  was 
then  named,  and  as  to  the  incorrectness  of  the  then  current  views  of  the 
composition  of  hydrochloric,  then  known  as  "muriatic'*  acid.  His  last 
paper,  one  *'On  the  Temperature  of  the  Common  ImhvI,*'  was  read  subse- 
quently to  his  death  before  the  Royal  Society  of  Edmburgh  this  very  year 
1868. 

During  a  considerable  part  of  these  fifty-seven  years  Dr.  Davy  was  on 
actual  service  as  a  medical  officer  of  the  araiy.  His  services  began  in  the 
campaign  of  lb  15,  when  he  was  attached  to  a  General  Hospital  in  Bruasek; 
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he  was  shortly  afterwards  sent  out  to  Ceylon,  where  he  continued  during 
the  suppression  of  a  rebellion  and  up  to  the  year  1 820.  After  this  he  was 
for  several  years  on  Mediterranean  stations,  in  the  ^Ionian  Islands  first, 
and  afterwards  at  MaltA :  and  he  was  sent  bv  Lord  Palmerston  in  the 
year  1839  on  a  mission  to  Constantuiople,  which  lasted  nine  months,  and 
aiming,  as  it  did,  at  effecting  a  reform  in  the  administration  of  the  Turkish 
hospital  system,  ended  in  failure  and  disappointment.  His  last  public  duty 
was  performed  as  an  Inspector-General  of  Army  Hospitals  on  the  West- 
Indian  Station  during;  the  three  years  1845-1848.  In  the  intervals  of 
foreign  employment  Dr.  Davy  was  usually  on  duty  at  home.  An  *  Account 
of  the  Interior  of  Ceylon,'  n  quarto  volume  published  in  1821,  *  Notes  on 
the  Ionian  Islands  and  Malta,  with  some  account  of  Constantinople/  two 
octavo  volumes  published  in  1842,  and  a  volume  entitled  "The  West 
Indies  before  and  since  Emancipation,"  and  bearing  date  1854,  contain 
the  results  of  his  observations  and  investigations  into  the  non-medical 
history  of  these  stations.  In  a  work  *0n  the  Diseases  of  the  Army,  with 
contributions  to  Pathology,'  published  in  1862,  Dr.  Davy  has  embodied 
the  results  of  the  medical  experience  which  he  gained  in  the  discharge  of 
his  professional  duties  at  home  and  abroad.  Not  the  least  valuable  portions 
of  this  volume  are  those  which  relate  to  the  aetiology  of  the  yellow  and  other 
malarious  fevers  of  the  tropical  and  subtropical  countries  he  was  made 
familiar  with.  Ten  years  previously  to  the  publication  of  tliis  work  Dr. 
Davv  had  acted  as  editor  to  Dr.  Blair's  volume  on  'The  Yellow  Fever 
Epidemic  of  British  GuiaTi:\  '  It  is  well  here  to  put  on  record  that,  whilst 
discharging  the  dnties  of  an  Inspector-General  at  Barbadoes,  he  found 
time  tn  deliver  and  publish  a  course  of*  Lectures  on  the  Study  of  Chc- 
mistr\','  with  especial  reference  to  the  agricultural  requirements  of  the 
island.  Dr.  Dnvy  hnd  mnny  years  previously  acted  a.s  editor  of  Sir  Hum- 
phry's well-known  and  much  read  treatise  on  '  Agricultural  Chemistry.* 

Two  volumes  of  'Researches,  Anatomical  and  Physiological,'  were  pul>- 
lishcd  bv  Dr.  Davv  in  the  vear  is  i.)  ;  and  thev  were  followed  by  a  third 

^  »  •  ^ 

on  the  same  suhjects  in  the  year  i80o.  The  papers  collected  in  these 
three  volumes  are  of  a  very  vnried  character  ;  those  on  the  Torpedo  ;  on 
the  Structure  of  the  Her^rt  of  Amphibia;  on  tlic  Oenerative  Orqans  of 
Cartilaginous  Fislic^  ;  no  the  Biood-corpuscles  ot  the  Oi-yiifhorhynchus-, 
(>n  the  Temperature  ot  Man  in  the  Tropics  ;  on  the  ovn  of  the  Sahnnnidcc^ 
with  reference  to  the  Distribution  of  iSptcies  ;  mid  espenallv  those  on  tho 
Blood  ,111(1  tlir  cause  of  its  Coagulation,  are  the  most  jiarticularly  aote~ 
worthy,  and  the  most  particularly  connected  with  the  author's  name. 

The  debt  of  gratitude  which  Dr.  Dnvy  owed  to  Sir  Ilumpliiy  for  the 
n««istf\tirr  and  «5ympathv  which  he  received  from  him  in  earlv  hfe,  he 
discliai  L'ed,  so  fjir  as  such  obligations  can  be  discharged,  by  the  publication 
in  K^.'iO  of  *  Memoirs  of  the  Life  of  Sir  Humphry  Dnvy,  Bart.,'  in  two 
volumes  ;  secondlv,  bv  his  edition  of  the  works  of  Sir  liumnhrv  in  twelve 
volumes,  the  first  of  which  is  a  Biography  condensed  i'rom  the  two 


Tolomcs  jast  mentioiied,  the  author  "  emMtj  •hfltahnng  from  til  that  wu 
ooDtrofenial  and  vindieatory,  troftiiig  that  what  was  before  a  duty  was 
then  superilnoiia  and,  thirdly,  by  the  ▼olome  of  *  Fragmentary  Bcmains, 
litemy  and  Scientific^'  which  contained  a  sketch  of  his  brother's  U!k  and 
was  published  in  1858.  The  sixth  Yolume  of  this  edition  of  Sir  Humphry 
Oary's  works,  and  the  second  Tolume  of  the  first  of  the  Biographies  of 
him  pnbfished  by  his  brother*  contsin  a  fell  statement  of  the  relatiTe  claims 
of  Sir  H.  Daxy  and  George  Stephenson  respectively  to  be  considered  the 
inventor  of  the  Safety  Lamp.  Upon  another  ocesston,  and  ss  recently  as 
ISIM-1 865,  as  may  be  seen  by  a  reference  to  the  psges  of  the  Philosophical 
Blagannc^  Dr.  Davy  engaged  himself  in  a  vindication  of  his  brother^s  repu- 
tution  from  certain  aspersions  which  had  been  cast  upon  it  with  reference 
to  his  conduct  when  President  of  this  Society. 

Dr.  Dary  was  the  author  of  two  works  on  Angling,  wUdi  have  the  form 
of  colloqoiefl!,  and  are  ffisennive  and  digressive^  capedslly  in  the  ^rectioo  of 
the  vaiioos  biological  bearings  of  the  sport.  His  liking  for  tlus  pursuit 
wa^  as  is  weU  known  from  the  'Sahnonia,'  common  to  him  with  the 
author  of  that  work. 

Dr.  Davy  pursued  a  regular  and  methodical  course  of  literary  and 
scientific  work  up  to  the  latest  days  of  Ins  life.  His  activity,  as  seen  in 
his  later  years  at  the  Meetmgs  of  the  British  Association,  which  he  regularly 
attended,  was  the  wonder  of  much  younger  men.  Those  who  saw  him  in 
ordinary  life  gathered  from  the  nght  the  moral  that  rq^ar  habits  in 
ordinary  life  are  the  best  guarantee  for  the  possession  of  a  power  for  putting 
forth  extraordinary  exertions  upon  extraoridinary  occasions. 

The  great  reputation  which,  in  spite  of  all  efforts  to  the  contrary,  has 
settled  round  the  name  of  Sir  Humphry  Davy,  has  necessarily  put  Dr.  John 
Davy's  claims  for  scientific  distinction  somewhat  at  a  disadvantage.  The 
younger  brother's  main  deficiencies  were  deficiencies  aflTecting  liis  power  of 
imjigination  and  his  faculty  of  exposition,  and  for  excellence  in  those  montnl 
qualities  the  elder  brother  was  not  less  prec  minently  distinguished  than  for 
his  more  strictlv  scientific  abilities.  It  is  niucli  to  the  credit  of  Dr.  Davy's 
moral  nature  that  no  shndow  of  iiKirtiiication  or  jealousy  ever  dnrkenod  his 
meditations  on  his  brother's  achievements,  into  comparison  with  whicli  he 
was  so  constantly  forced  to  bring  his  own.  Nor  can  we  close  this  notice 
more  fitly  than  by  saying  what  is  the  literal  truth,  that  his  symj)Rthy  with 
the  cause  of  his  brother's  reputation,  showinc;  itself  as  it  did  in  a  repeated 
and  successful  chflmpionship  of  it,  elevated  his  wliole  nature  and  spread 
throui^h  and  over  his  long  series  of  labours  the  warm  Ught  of  a  suuny 
memory. 
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June  6, 1867. 

The  AniniBl  Meeting  for  the  election  of  Fellows  was  held  this  day. 

Lieat.-GeneRil  SABINE,  President,  in  the  Chair. 

The  Statutes  relating  to  the  Election  of  Fellows  having  been  read* 
Major-General  Boileau  and  Mr.  J.  Clerk  Maxwell  were,  with  the  ooosent 
of  the  Society,  nominated  Scrutators  to  assist  the  Secretaries  io  examining 
the  Lists. 

The  votes  of  tho  Fellows  present  having  been  Cf)llectc(l,  the  following 
Caudidates  were  declared  to  be  duly  elected  into  the  Society  : — 


WtDiam  Baird»  M.D. 
W.  Boyd  Dawkins,  Esq. 
Baldwin  Francis  Duppa,  Esq. 
Albert  C.  L.  6.  G&nther,  M.D. 
Julius  Haa^t,  Esq.,  Ph.D. 
Capt.  Robert  Wolseley  Uaig,  R.A. 
Daniel  Hanbary,  Esq. 
John  Wbitaker  Hulke,  Esq. 


Edward  Hull,  Esq. 
Edward  Joseph  Lowe,  Esq. 
James  Robert  Napier,  Esq. 
Benjamin  Ward  Kehardson,  M.D. 
J.  S.  Burdon  Sanderson,  Bf  .D. 
Henry  T.  Stainton,  Esq. 
Charles  Tomliason,  Esq. 


June  20, 1867. 

Lieut.>GeQeral  SABINE,  President,  in  the  Chair. 

Dr.  William  Bainl,  Ur  Gunther,  M.D.,  Capt.  R.  Wolseley  Haig,  Mr. 
Daniel  Hanburv,  Mr.  Wliituker  Ilulke,  Mr.  Edward  Hull,  Mr.  Edward 
J.  Lowe,  Dr.  M'anl  Richardson,  Dr.  J.  S.  Burdon  Sanderson,  Mr.  Henry 
T.  Stainton,  and  Mr.  Charles  Tomlinson,  were  admitted  into  the  Society. 
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Dr.  B.  Stewart  on  an  JpparatuB 


[June  20, 


In  accordance  with  the  Statutes,  notice  of  the  eneuing  Anniversary  Meet- 
ing for  the  election  of  Council  And  OMcers  was  given  from  the  Chair. 

The  following  communicatiou  was  read : — 

I.  Description  of  an  Apparatus  for  the  Verification  of  Sextants 
designed  and  constraeted  by  Mr.  T.  Cooke,  and  recently  erected 
at  the  Kew  Observatory.''  By  Balfovr  Stbvart,  LL.D.f 
Superintendent  of  the  Kew  Observatory.  Received  May  9, 
1867. 

In  order  to  test  the  accuracy  of  graduation  of  a  sextant,  it  is  necessary 
to  have  a  series  of  well-defined  objects,  the  angular  distances  between 
which  must  be  accurately  known.  The  sextant  under  trial  is  made  to 
measiu'o  these  angular  distances ;  and  the  residts  thtis  obtained,  when 
compared  with  the  correct  values  of  these  distances  (supposed  to  be 
otherwise  determined),  will  give  at  once  the  error  of  the  instrinnent. 

Now  with  regard  to  this  series  of  objects,  the  following  conditions  are 
necessary  in  order  that  they  may  be  convenient  for  the  purpose  of  testing 
sextiyits 

Ok  It  is  necessary  that  the  objects  should  be  distinctly  seen  and 
well  defined.  Luminous  objects  would  be  preferable,  if  these 
could  be  obtained.   Luminous  points  would  answer  welL 

fi.  It  is  necessary  that  they  should  be  at  a  very  great,  or  virtual^ 
infinite  distance  from  the  sextant,  so  that  two  lines  proceed- 
ing from  any  point  in  the  objects,  the  one  to  the  indez-glass, 
and  the  other  to  the  horixon-glass,  should  be  virtually  parallel 
to  each  other. 

y.  It  is  neoessaiy  that  these  objects  should  be  at  such  angular 
distances  from  one  another,  that  by  means  of  them  it  may  be 
possible  to  test,  say  every  15^  of  a  sextant's  are. 

2.  It  is  necessary  that  these  objects  should  be  always  visible,  or  at 
least  that  they  should  be  rendered  visible  easily,  and  without 
loss  of  time. 

A  series  of  fixed  stars,  at  suitable  intervals  from  one  another,  might 
be  made  to  fblfil  the  first  three  of  these  conditions ;  but  in  this  uncer- 
tain climate  it  would  be  inconvenient  to  adopt  any  mode  of  verification 
depending  for  its  success  upon  the  visibUity  of  the  sun  or  stars in  fine 
we  must  have  a  source  of  light  which  can  always  be  commanded. 

A  plan  proposed  by  Mr.  T.  Cooke  ftdfils  this  requirement,  and  aa  it 
baa  now  been  carried  out  with  apparent  success,  a  short  deocription  of 
it  may  perhaps  be  acceptable  to  the  Boyal  Society. 

His  arrangement  is  of  the  following  nature : — 

Or  denote  two  collimators,  F  having  a  single  vertical  line,  and  G  a 
couple  of  crofls  lines,  as  shown  in  the  figure. 
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The  collimator  F  is  at  the  principal  focus  of  the  lens  a,  and  the  colli- 
mator 6  at  that  of  the  lens  b, 

Eleration  of  Collimators,  showing  wire«  viewed  from  outside  the  circle. 


Plan  of  Cooke's  Apparatus  for  Verifying  Sextants  at  the  Kew  Obserratory. 


A.  Double  eolliinuturs.  D.  C'andicii  I'ur  illuminating  wires. 

B.  Table  for  holding  sextants.  £.  Slate  to  which  collimators  are  bolt«d. 

C.  Sextant.  F  &  O.  Wires  in  collimators. 


Furthermore,  the  lenses  are  so  atljusted  that  the  two  lines,  the  one  of 
which  is  that  proceeding  from  the  centre  of  the  collimator  F  to  the 
centre  of  the  lens  a,  and  the  other  that  proceeding  from  the  centre  of 
the  collimator  G  to  the  centre  of  the  lens  6,  shall  be  parallel  to  one 
another. 

This  condition  is  fulfilled  in  the  following  manner: — A  telescope 
having  au  object-glass  sufficiently  large  to  embrace  at  once  the  two 
collimators  a  and  b,  is  focused  by  means  of  a  star  for  an  object  infi- 
nite]y  distant.  It  is  then  used  as  an  instrument  wherewith  to  view 
these  collimators  previously  illuminated  ;  if  they  appear  in  focus,  it 
follows  that  they  are  to  be  optically  regarded  as  infinitely  distant 
bodies,  and  thus  that  they  are  accurately  at  the  principal  foci  of  their 
respective  lenses. 

In  the  next  place,  things  are  so  adju.sted  that  the  vertical  collimator 
ihall  appear  to  bisect  the  cross-wire  collimator  in  the  field  of  view  of 
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the  telescope.  This  adjustment  is  one  which,  from  the  form  of  the  two 
collimators  (a  straight  line  and  two  cross  lines),  can  be  made  w  ith  great 
exactnesB,  and  when  accomplished,  it  follows  that  tlio  two  eolliniatora, 
F  and  G,  are  to  be  opt  it  ally  regarded  as  two  iufiuitely  distant  bodies, 
both  being  in  tlie  t^iime  direction. 

Each  of  the  two  collimators  ha.s  a  moveable  cover,  so  that,  ii"  desirable, 
the  one  can  be  viewed  without  ihe  other. 

The  collinuitor  lines  are  illuminated  iu  the  following  manner: — These 
lines  are  formed  of  fine  glass  tlireadH,  and  the  light  of  candles  symme- 
trically dispo^ied  is  allowed  to  fall  upon  these  threads.  By  this  arrange- 
meiit  the  threads  are  rendered  luminous  on  both  their  sides  at  the  same 
time;  there  is  therefore  no  perceptible  parallax,  such  as  would  foBow 
from  the  one  side  of  the  thread  being  lit  up  at  one  time,  and  the  other  at 
another  time. 

It  is  now  necessary  to  describe  the  method  of  fixing  the  coUiinaton. 

A  brick  erection  was  made  in  the  baaement  hall  of  the  Obserraliory, 
having  the  shape  of  a  circular  arc.  To  the  flat  top  of  this  erection  three 
pieces  of  slate,  all  in  one  horizontal  plane,  and  luKving  thmr  npp^  eor- 
flusea  enrred,  were  attached  hj  cement;  finally,  a  ekito  riab,  £  (shown 
in  the  figure),  was  laid  bo  as  to  rest  simultaneonkljr  on  these  three  curved 
Bor&cea.  tRie  coUimatore,  being  intended  to  reat  on  this  slate  slab,  had 
th^  lower  surfaces  made  quite  flat,  and  were  firmly  bolted  by  means  of 
screws  to  the  slab. 

The  angular  distances  between  the  collimators  arc  (roundly  speaking^ 
as  follows : — • 

From  1  to  2    30P 

,,    1  n  3    60° 

„    1  ,f  4    105° 

„    1  „  5    120- 

A  horiaontal  table,  B,  capable  of  motion,  either  vertically  or  in 
asimuth,  and  also  capable  of  being  rigidly  fixed  in  any  required  posi- 
tion, is  placed  in  the  centre  of  the  circle  of  which  the  boundaiy  line  of 
the  slate  slab  constitutea  the  circumference. 

In  order  to  determine  accurately  the  angular 'distance  between  the 
Tarious  collimators,  a  theodolite  is  placed  on  the  table  B,  so  that  when 
levelled  its  telescope^  as  it  sweeps  round  in  asimuth,  may  be  able  to  bring 
into  the  middle  of  its  field  of  view  the  various  coUimatora. 

No  care  need  be  taken  that  the  centre  of  the  theodolite  is  inecusely  in 
the  centre  of  the  etrde,  because  the  collimators  being  virtually  at  an 
infinite  distance,  it  follows  that  the  angular  distsnce  between  any  two 
of  them  does  not  depend  on  the  exact  centering  of  the  theodolite. 

Now,  if  any  theodolite  be  taken,  and  if  a  number  of  seta  of  obaevrm- 
tiona  of  the  angular  distances  between  the  collimators  be  made,  rucb 
aet  starting  from  a  fresh  point  in  the  asimuth'  circle  of  the  theodolite^  it 
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it  evident  that  by  this  meant  we  shaU  eliminate  any  eiror  of  giaduatiain 
of  the  theodolite. 

A  complete  set  of  determinations  of  these  angular  distances  ought, 
therefbre,  to  refer  to  at  least  three  etarting-poiuts  in  the  horizontal 
circle  of  the  theodolite,  these  being,  say  120°,  apart  from  each  other. 

The  following  complete  sets  ha?e  been  made  at  Tarioua  dates  by  Mr. 
0.  Whipple:— 

MeasuiementB  of  the  Angles  between  the  Collitnatora  of  the  Appanitua 

for  the  y  eriiication  of  Sextants. 

The  measurements  were  made  with  a  6-in.  Theodolite,  divided  to  30". 


Table  I. 


between 
coUimAton. 

Btttflt  of  ObMrraHon. 

Not.  ^3,  i866. 

Nov.  26, 1866. 

Feb.  17,  J  867. 

M«j  a»  1867. 

MesnB. 

No0.  I  and  a  . . . 

It    I    t»   3  '•  • 

»»    •  » 

f*    '   f»  5  ••* 

29  59  44  4 
59  59 

105  0  1*7 

140     0  117 

0    I  #1 

29  59 

59  59  4^7 
105  e  17 

120   0  117 

e     i  M 

29  59  4S"*' 

59  59  46  7 
104.  59  417 

119  59  567 

p    <  <i 

29  59  267 

59  59  *9'3 
104  59  46  7 

»«9  59  53  3 

0    1  f 

»9  59  37'8 

59  59  37  3 
104  59  s»-9 

lao  0  3*3 

Tabu  n. 


Diiforenoes  from  Means. 

+0  6-6 
—0  5*6 

+  0 

+0  84 

-0  2-8 
+0  44 
4-0  8-8 
+0  84 

-♦-0    7  a 
+0  9'4 
—0  ii"a 
-0  6-6 

—0  ii'i 

—  0  8-0 

—  0  62 

—  0  100 

Table  III. 


Anglet  betWMU  GolHrnaton. 

0    «  <i 
15   e  to*4 

59  59  37-5? 
43   0  156 

59  59  3f7 

75   0  15*1 

90   0  25*5 
104  59  5a-9 
ISO  0  3*3 

It  will  be  seen  from  Table  II.  that  the  obson  ational  differences  from 
the  means  are  extremely  small,  and  capable  of  being  accounted  for  bj 
tiie  nneefrtainty  of  reading  a  theodolite  graduated  to  80".  We  may 
tlicrefore  suppose  the  positions  of  the  ecdlimators  to  have  xcnnaxned  tho 
same  thronghont  the  period  embraced  by  onr  observationa. 
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In  oondusion,  it  may  be  deniable  to  deecribe  in  a  few  worda  tbe 
method  by  which  a  sextant  may  be  verified  by  means  of  this  apparaliu. 

Let  us  auppoae  the  collimaton  to  be  accurately  and  quite  immOYeably 
fixed,  and  the  angular  distancea  between  them  to  be  accurately  deter* 
mined.  Also  let  the  distance  between  the  two  lenses  a  and  h  of  any 
ocdlimator  be  such  that  the  collimator  F  may  be  seen  through  a  at  the 
horiaon-glassy  and  the  collimator  G  through  h  at  the  index-glass  of  an 
ordinaiy  sextant  placed  on  the  table  B, 

In  order  to  teat  the  ii^dex-error  of  a  sextant*  the  Tertical  line  of  a 
collimator  is  made  to  bisect  the  cross  lines  belonging  to  the  same 
collimator  in  the  field  of  view  of  the  telescope  of  this  sextant.  If  the 
sextant  is  accurate,  it  should  read  zero^  since  these  two  lines  are  infi.- 
nitely  distant  and  in  the  same  direction. 

The  sextant  is  next  placed  with  its  horixon-glass  receiving  the  rays 
from  the  verticsl  line  collimator  (G^  being  covered),  and  its  index- 
glass  receiving  the  rays  from  the  cross  line  collimator  Qt^  and  the  tele* 
scope  arm  is  moved  until  F^  bisects  in  the  field  of  view ;  if  the  in- 
strument is  correct,  the  reading  ought  to  be  (by  Table  III.)  16^  0'  10"'4. 
By  pursuing  this  method  it  is  evident  from  Table  III,  that  the  error  of 
graduation  of  the  sextant  may  be  determined  at  every  15^  of  its  arc 

In  condusion,  it  ought  to  be  mentioned  tiiat  perhaps  no  artifical  light 
easily  obtainable  is  sufiiciently  powerful  to  allow  of  the  darkest  glaaaea 
of  a  sextant  being  examined,  and  that  for  this  purpose  we  may  ultimatdy 
}uive  to  resort  to  other  means. 

II.  "On  the  Observations  made  with  a  Rigid  Spectroscope,  by 
Captain  Mayne  and  Mr.  Connor,  2nd  Master  of  H3f  .8. 

'  Nassau/  on  a  voyage  to  the  Straits  of  Magellan."  By  J,  P. 
Gassiot,  F.R.S.    Received  May  25  and  June  3,  1S67. 

In  a  communication  T  made  to  tlu  T?oyal  Society  on  the  18th  of  May 
1S65  (Proceedings,  vol.  xiv.  pap;o  320),  I  described  the  rigid  spectroscope 
which,  at  the  suggestion  of  Mr.  Balfour  Stewart  (in  connection  with  a 
plan  jointly  conceived  by  Prof.  Tait  and  himself),  I  had  had  constaracied, 
the  object  sought  being  to  determine  by  observation  whether  the  index 
of  refraction  doee  not  vary  with  the  coefficient  of  terrestrial  gravity,  for 
which  purpose  it  was  thought  desirable  that  the  observation  should  be 
entrusted  to  some  officer  on  board  one  of  H.M.  ships  visiting  variova 
latitudes  on  both  sides  of  the  equator. 

Through  the  kindness  of  Captain  Richards,  Hydrographer  to  the 
Admiralty,  I  obtained  an  introduction  to  Captain  Mayne,  of  H.M. 
Ship  *  Nassau,*  at  that  time  (August  1866)  fitting  out  at  Woolwich, 
preparatory  to  making  a  survey  of  the  Straits  of  Magellan,  and  by 
appointment  with  Captain  Mayne  X  visited  the  *  Nassau'  in  company 
with  Captain  Bicharda. 
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After  carefidly  examining  one  or  two  positions  m  which  the  instru- 
ment could  be  placed,  Captain  i\rayne  selected  a  place  in  his  own  cabin, 
and  explained  to  us  that  it  vvaa  bin  intention  to  pliioe  the  gpectroscope 
in  charge  of  an  intelligent  young  ofiicer,  Mr.  Connor,  the  2nd  Master, 
by  wlu^ui  the  observationa  would  be  made ;  but  a8  the  instrument  neces- 
isarily  remained  in  Captain  Mayne'n  cabin,  the  observiiLions  would  be 
roade  generally  in  hid  preiieuce,  and  uuder  hiu  immediate  superm« 
tendence. 

Gftptain  Mayne  and  Mr.  Connor  shortly  afterwards  examined  liie 
^ecferoacope  at  the  rooms  of  the  Koyal  Society,  in  the  presence  of  Mr. 
Stewart  and  myself^  when  they  practised  tbe  mode  of  observing ;  but^ 
in  order  to  enanre  the  obserrationa  being  Bubseqnentlj  made  without 
any  bias  as  to  obtaining  partioular  results,  no  further  explanation 
was  given  to  Captain  Mayne  or  Mr.  Connor,  the  hitter  being  merely 
requested  day  by  day  to  note  the  result  of  his  observations,  and  to 
enter  the  same  in  printed  forms  with  which  he  would  be  supplied, 
Captain  Mayne  promising  to  forward  the  partieulara  to  Captain 
Sichards  at  his  conTenienee. 

The  form  supplied  was  as  follows 


Date. 

BMonuler. 

Temp,  of 
air. 

Tein]).  of 
prisnu. 

Beading  of 
iiiicro- 

metcr  for 
Dlim. 

Bemarks. 

m 

Mr.  Browning,  who  constructed  the  instrument,  took  charge  of  it  on 
the  2l8t  of  August  18M,  and  proceeding  to  Woolwich  placed  it  on  board 
the  '  ITassau,*  in  the  position  which  had  been  arranged  by  Captain 
Mii^ne. 

On  the  4l;h  inst.  I  reoeiTed  a  letter  from  Captain  Mayne,  of  which 
the  foUowing  is  an  extract : — 

Smnrajixig  Ship  '  Nn5<^u,*  Stnuts  of  Mi^iiti^ 

Feb.  1807. 

"Mt  deab  Mr.  Gassiot, — As  we  are  on  our  way  to  tiie  lalklaud 
Jsles,  and  my  time  wQl  probably  be  fully  occupied  when  we  get  there, 
I  write  you  a  few  lines  to  say  that  1  am  sending  to  the  llydrographcr  a 
diagram  of  the  obicrvaLions  of  the  spectroscope  taken  since  we  left 
England  ;  w  ith  it  1  am  sending  a  few  remarks.  I  can  only  say  that  our 
observations  have  been  carefully  taken,  and  I  hope  a  discussion  upon 
tbeqi  may  throw  some  light  upon  the  subject  in  which  you  and  others 
ave  so  interested.  Mr.  Connbr  plotted  the  drngnun  with  great  eaia. 
tTsuallj  the  observations  hATC'been  made  by  him,  but  I  have  taken 
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them  occasionally  nn  a  clip*-!?,  aud  also  during  tho  time  he  was  laid  up 
with  a  wound  whicli  tliese  wretched  Fuegians  gave  him.  You  will  see 
the  metliod  pursued  m.  the  diagram  is  to  give  the  whole  voyage  com- 
plete, and  also  the  fluctuations  duriDg  our  stay  at  the  various  places 
named.  Let  me  add,  what  I  also  said  to  the  llydrographer,  that  we 
shall  be  happy  to  carry  out  any  changes  in  position  of  the  instrument, 
or  mode  of  observation,  you  may  wish,  so  far  aB  our  other  duties  will 
permit.  I  nhall  be  very  glad  also  to  hear  that  our  observations  have 
been  in  any  way  useful.  The  we-ather  we  have  hitherto  experienced 
haa  been  rather  better  than  we  expected,  but  gale,  gale,  gale,  the  wind 
seems  never  tired;  if  it  does  for  a  few  hours  forget  to  maintain  the 
credit  it  haa  obtained,  be  Bure  you  will  fiud  a  current  of  five  or  six 
knots  directly  opposed  to  the  course  you  wish  to  pursue. 
"  Please  remember  me  kindly  to  Mr.  Stewart  when  you  see  him,  and 

Believe  me  joun  rineerely, 
'  (Signed)      «  R.  C.  Matot." 

Tlie  fbUowing  is  a  copy  of  tbe  letter  referred  to  in  the  preceding 
ortract:— 

(Copy.) 

"H.H.  Sunreving  Ship  'NaMu,*  Struts  of  HageDan, 
•  I^K  1867. 

**  Sib, — I  beg  to  forward  the  following  remarka  on  the  rigid  apectro- 

scope  which  was  placed  on  board  this  ship  at  the  request  of  Mr.  Gassiot, 
y.P.R.S.,  with  tke  view  of  determining  whether  the  position  of  the  D  line 
of  the  spectrum  chaDges  with  the  coefficient  of  terrestrial  gravi^.  Ac- 
companying the  remarka  is  a  diagram,  intended  to  show  at  a  glance  the 
fluctuationa  whioh  have  actually  occurred  in  the  lino  r)f  tlie  spectrum 
during  our  voyage  from  Plymouth  to  the  Straits  of  Magellan,  as  well 
aa  tilioaa  of  the  barometer  and  "air**  and  ''prism"  thermometers 
during  the  same  period.  In  addition  to  this  it  has  been  thought  advi- 
sable to  plot  ill  the  same  way  the  fluctuations  which  occurred  during 
the  ship's  stay  at  the  various  ports  of  call  on  the  voyage  out  indepen-  . 
dcTitly,  aa  they  cannot  of  courne  be  in  any  way  due  to  change  of 
gra\itan()n.  They  will  be  seen  on  the  lower  part  of  the  rlinijram,  the 
same  number  of  observations  having  been  plotted  after  our  arrival  in 
the  straits  as  were  taken  at  Plymouth,  the  two  places  being  so  nearly 
in  the  same  latitude. 

"  A  dcBcription  of  this  inHtnimrnt  has  been  g^ven  by  Mr.  Oa^siot  - 
before  the  Royal  Society.  Its  position  on  board  being  selected  by  Mr. 
Gkussiot  himself,  in  concert  with  Mr.  Browning,  it  was  placed,  at  their 
desire,  on  the  port  side  of  niy  cabin,  and  its  position  has  in  no  way 
been  altered  since.  All  the  observations  have  been  made  either  by  Mr. 
Connor  or  myself;  Air.  Connor,  in  whose  special  chai^  the  instru- 
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ment  was  placed,  having  observed  it  by  far  the  most  freqtientlj,  and 
haviri":  <^veii  considerable  attention  to  it.  The  observations  were  made' 
at  iioon  daily,  nnd,  owing  to  the  defiriency  of  li<^ht,  have  (fit  IVfr.  Brown- 
ing's instance)  been  made  by  bringing  ihe  moveable  micrfunctc  r  wire 
into  the  centre  of  the  right  bright  space  instead  of  its  right  edge, 
as  1  understand  was  the  ii^»e  fit  Kew. 

"The  diagram  seemed  to  show  tliat  the  barometer  affects  the  instru- 
ment, the  micrometer  reatling  increasing  as  the  barometer  falls,  and 
rice  vprsd.  In  this  regard  it  is  curious  that,  from  a  series  of  twenty 
observations,  taken  since  we  have  been  in  the  Straits  of  Magellan, 
Mr.  Connor  deduced  that  the  micrometer  should  read  when  the 
barometer  was  30  inches  and  attached  thermometer  54°  F.,  and  that  a 
few  days  since,  when  the  barometer  and  thermometer  were  as  above,  the 
micrometer  reading  was  3  86.  The  fluctuations  nlmw  iv  when  the  ship 
was  stationary  seemed  to  point  out  Ihut  at  least  the  barometer  has 
very  considerable  eflLcl  upon  the  reading  of  ihe  instrument:  what 
amount  of  the  general  changes  shown  may  be  due  to  change  in  the 
coefficient  of  terrestrial  gravity  I  leave  to  those  who  have  made  the 
spectrum  their  study  to  detennine. 

^The  barometer  readings  shown  on  the  diagram  have  purposely  not 
beenfediused  to  the  mean  temperature  of  82**  Fi^^  as  it  is  thought  thej 
show  better  what  is  denied  than  if  they  were  80 ;  ehonld  it  be  thought 
advisable  to  reditoe  them  it  can  easily  be  done,  as  the  tempentoie  of 
the  air-thermometer  plotted  hardly  differs  perceptibly  firom  that 
attached  to  the  barometer.  The  obeerrationB  are  stili  being  made 
daily,  and  the  record  of  them  kept ;  if  any  change  of  position,  other 
method  of  obserring,  or  any  other  alteration  is  thought  adTieable  by 
those  intereeted  in  the  oba^nrations,  it  shall  receive  all  the  attention 
the  nature  of  the  aervice  on  which  we  are  employed  will  permit  us  to 
liestow. 

^  I  have  the  honour  to  be,  Sir,  your  obedient  Servant^ 

(Signed)        B.  0.  lHUm,  Captain/' 

As  the  diagrams  referred  to  could  not  be  conveniently  engraved  for 
insertion  in  the  Proceedings,  they  remain  at  the  Eoyal  Society. 

The  observations  of  Captain  Mayne  and  Mr.  Connor  have  evidently 
been  made  with  great  care ;  the  diagrams  executed  by  the  latter  gen- 
tleman exhibit  at  a  glance  the  actual  results. 

In  these  diagrams  two  series  of  observations  are  recorded ;  the  first 
exhibits  the  spectroscope  reading  along  with  the  reading  of  the  baro- 
meter, of  the  thermometer  imbedded  in  the  glass  prism,  and  of  that 
showing  the  temperature  of  the  air  around  the  instrument  as  the  vessel 
proceedeti  i»u  its  course. 

The  second  exhibits  siunlar  records,  made  when  the  vessel  stopped 
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ai  TarioiiB  plaoM  duniig  tiiie  voyage.  In  order  to  make  use  of  tbeae 
'records,  it  became  neoecsaiy  to  afloertain  tbe  coReetums  of  the  instru- 
ment. 

Immediately  on  receipt  of  Captain  Mayne^a  lettera,  I  forwarded 
them  to  Mr.  Stewart,  to  whom  I  am  indebted  for  the  foUowing  obser- 
vations, with  the  necessary  corrections  for  temperature,  Ac»  These 
corrections  are,-^ 

I.  2%0  Ten^peratuire  ChrreeHan. 

In  order  to  determine  Hie  correction,  very  complete  seta  of  experi* 
ments  were  made  by  Mr.  Balfour  Stewart  at  Kiew  Observatory,  and  by 
Mr.  Browning  at  the  Minories. 

In  January  1866  the  spectroscope  was  conveyed  to  Eew  Observa- 
tory, and  waa  there  exposed  to  a  chaoge  of  temperature  equal  to  60^ 
Fahr.  The  change  was  applied  very  gradually,  the  experiments  for  one 
set  lasting  nearly  one  month;  in  respect  to  duration  these  changea 
were  consequently  analogous  to  those  to  which  the  instrument  would 
be  exposed  at  sea,  buti  on  the  other  hand,  the  instrument^  when  at 
Kew,  was  not  subjected  to  vibrations. 

In  February  1865  the  spectroscope  had  been  aubjected  to  similar 
changes  of  temperature  at  Mr.  Browning's  house  of  business  in  the 
Minories,  which  abuts  on  the  Blackwall  railway.  The  resulto  there 
obtained  are  recorded  in  the  Broceedings  of  the  Boyal  Society  (voL  xiv. 
June  1865).  These  observations  extend  over  a  range  of  30^  Fahr. ;  and 
aa  in  the  greater  portion  of  the  time  during  the  obeer?ationa  the  in- 
strument was  subject  to  constant  vibration  from  the  ordiiutry  work 
csrried  on  in  the  work-rooms,  aa  well  as  from  the  abutting  raalrQad» 
these  constant  vibrations  were  so  far  analogous  to  the  action  to  whidi 
the  instrument  would  be  subjected  to  on  board  a  vessel 

On  the  other  hand,  the  heating  and  cooling  each  took  place  on  the 
same  day,  and  as  &r  therefore  aa  duration  is  eoncemed,  the  temperft- 
ture  changes  at  tiie  Minories  were  dissimilar  to  tho8C»  to  which  the 
instrument  was  exposed  at  sea. 

The  result  of  these  experiments  waa  that|  for  an  increase  of  tem- 
perature of  80^  Fahr.,  there  was  observed  an  inereaae  in  the  reading  of 
r82  revidution  of  the  micrometer  screw. 

The  foUowing  Table  exhibits  the  result  of  the  observations  made  at 
Kew  Observatoiy : — 
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Ti^mrMmtiira 
of  uriflm. 

B«adiqg.  1 

Iktai 

of  prism. 

• 

Beading. 

1865. 

1805. 

o 

.  Jan.  13. 

48-2 

0-07 

Feb.  12. 

5e-S 

1-26 

14. 

51'5 

0-75 

18. 

62-5 

16. 

.7o'6 

2-00 

23. 

49-9 

1U4 

17. 

80-8 

2-24 

24. 

50-8 

102 

18. 

760 

2-22 

iMardi  2. 

73*7 

2^26 

19. 

74-8 

205 

a 

76-8 

2*43 

20. 

75- 1 

204 

4. 

76-6 

2-43 

21. 

70-5 

1-71 

5. 

75-0 

2-36 

22. 

750 

204 

6. 

78-3 

2-64 

2:^. 

745 

1-87 

7. 

790 

2-76 

24. 

75-4 

1-86 

8. 

78-9 

2-68 

25. 

74*6 

1*83 

9. 

76*8 

2*46 

26. 

75-4 

1-92 

10. 

75-5 

2-28 

27. 

77-4 

2-15 

12. 

56-3 

1-37 

28. 

7o-9 

209 

21. 

610 

1*26 

29. 

76-7 

214 

1 

These  experiments  consequently  consist — 


at  low  tempentuxe, 
high 
low 
high 
low 


I* 
ft 
n 
tf 


(1)  of  a  set  of : 

(2) 
(8) 

(4) 

If  we  compare  (2)  with  the  mean  of  (1)  and  (3),  and  (4)  with  the 
mean  of  (3)  and  (5),  we  obtain  as  the  Eew  correction  lor  temperature 
an  mcreaae  of  1*44  rerolntion  for  an  increase  of  80^  Fkhr. 

On  comparing  the  temperaturea  obtained  under  Teiy  difbrent  treat* 
ment  at  the  Minoriee  at  Kew,  and  we  find — 

At  the  Minories  30°  Fahr.  gives  1-32  revolution. 
At  Kew  ...  30°       „        1 44 


ft 


1-88 


These  two  re  suits  are  therefore  extremely  consistent  with  each  other, 
although  the  treatment  to  which  the  instrument  was  exposed  differed 
materially  in  the  two  cases.  We  should  therefore  say  that  the  tempera- 
ture correction  should  not  vary  with  ( lianji^e  of  treatment,  and  have 
therefore  considerable  confidence  in  applying  the  above  value  of  it  to 
observations  made  on  board  the  '  Nassau.' 


leemed  to 


.  VviiwninmJOr 

It  is  justly  remarked  bj  Captain  Hayne  that  the 
rwtj  with  the  barometer. 
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This  correction  is,  however,  smaJl ;  and  as  the  ehaugc  of  mean  baro- 
metric pressure  between  the  different  lutitudes  is  small  also,  the  cor- 
rection will  not  affect  the  range,  but  it  will  affect  the  comparability  of 
individual  observations,  and  ought  therefore  to  be  determined.  This 
is  best  done  by  means  of  the  observations  themselves  aft^^r  tbe  tem- 
perature corrections  have  been  applied. 

Thus  we  find  that,  when  the  ship  was  stationary  at  Plymouth,  there 
were  considerable  fluctuations  of  the  barometer,  and  from  the  obser^ 
vations  made  there,  it  appears  that  a  rise  of  half  an  inch  creates  a  fall 
in  the  reading  —01 8.  Similar  fluctuations  took  place  while  the  ship 
was  stationary  at  Magellan,  and  from  these  we  obtam  a  fidi  of  0*24i  for 
every  rise  of  half  an  inch. 

The  mean  of  the  two,  or  a  fall  of  0'21  in  the  reading  for  a  rise  of 
half  an  inch,  may  safely  be  adopted. 

No  eorrectioii  has  been  applied  for  the  hygrometric  state  of  the  air. 
H.  Jamin  has  found  that  aqueous  vapour,  at  the  temperature  of  0^ 
Gent.,  and  under  the  preesure  of  0*76  mdfere,  would  have  for  its  ind^  of 
refraction  (if  it  could  exist  under  such  a  pressure)  the  value  of  1*000261, 
which  k  less  than  that  of  air,  which  is  1*000294 ;  the  superior  quantity 
of  aqueous  vapour  would  thus  tend  to  diminish  the  index  of  refraction 
of  air  at  the  equator,  as  compared  with  that  of  the  same  pressure  at  . 
higher  latitudes. 

This  action  of  vapour,  which  is  very  small,  will  he  such  that  without 
it  the  residual  range  (which  will  be  afterwards  exhibited)  would  appear 
to  be  scxtnewhat  larger  than  it  at  present  appears ;  it  cannot  thereiEbre 
account  for  tibe  reeidual  range,  and  may  be  in  the  mfamtime  neg- 
leeted. 

If  we  now  tabulate  from  the  diagram  sent  by  Captain  Uiyne,  and 
if,  by  means  of  the  above-named  eorreetiona,  we  reduoe  all  observatimis 
to  60^  Pahr.  and  to  80  inches  barometric  pressure,  we  obtain  ibe  fol« 
lowing  readings  for  the  various  latitudes  between  45^  N.  and  45^  8., 
tbe  ship  being  in  motion. 

Note. — Since  the  barometer  correction  is  small,  and  the  range  of 
temperature  from  the  equator  to  the  high  latitudes  of  tibe  voyage  not 
mudi  more  than  20^  Fahr.,  it  has  been  thought  unnecessaiy  to  lednoe 
the  barometer  readings  to  82^  Fahr. 
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Latitude. 

ReodingH 
reduced. 

1  Reading  reduced 

and  corrected 
1  lor  laii  oi  zero. 

Difference 
(negative). 

45^  to  40°  N 

4-71 

4-71 

*0 

40  35 

4-58 

4-58 

•13 

35  30 

4-50 

•16 

30  25 

4-47 

4rj4 

•17 

25  20 

4-45 

4-54 

•17 

20  15 

4-35 

~    KM*  J 

4-47 

•24 

15   10 

4-31 

4-45 

a  M.^-M 

10  5 

4*29 

4-4B 

•25 

5  0 

4*39 

•32 

0  5  S 

4-4 

•29 

m$%M 

5  10 

4-43 

•28 

10  15 

4*22 

4-49 

•22 

15  —  20 

4-25 

4-54 

•17 

20  —  25 

i  If) 

4-18 

4-49 

•22 

25  —  30 

416 

4-56 

•15 

30  —  35 

4- 13 

4-49 

•22 

:i5  — 40 

413 

4-52 

•19 

40  —  45 

4-29 

4-70 

•0 

On  comparing  the  last  number  of  the  second  column  with  the  first ' 
it  will  appear  that  there  is  a  change  in  the  zero  of  the  instrument ;  . 
presuming  that  this  change  took  place  during  the  voyage  at  the  same 
rate,  we  obtain  column  3  corrected  for  change  of  zero,  and  column  4 
representing  differences. 

This  residual  difference,  which  remains  after  all  knowTi  corrections 
bave  been  applied,  is  exhibited  for  the  different  latitudes  in  the  follow- 
ing diagram  (fig.  1),  while  the  observed  temperatures  of  these  latitudes 
are  also  exhibited. 


Fig.  1. 


In  the  next  place,  let  us  take  the  diagrams  sent  by  Captain  Mayne, 
which  exhibit  the  readings  of  the  spectroscope  at  the  various  places  of 
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call,  and  comcting  these  as  before  for  temperature  and  atmoapherie 
preBBiire,  we  obtain  tbe  following  results : — 


Date. 

Mean  of 

r»'ading  re- 
duced to 
60*^  FUtr  & 

JL  «v*as  •  VM 

30  inches 
preMure. 

Headings 
oorrected 

of  MTO. 

latitude. 

1864. 

Plymouth   .    ,  . 

50  22  N. 

Sept.  15 .    •  . 

4-72 

4-72 

Funchal      .    .  . 

32  38 

Sept.  28  to  Oct.  2 . 

4-42 

4-53 

St.  Vincent  .    .  . 

16  54 

Oct.  9  to  13     .  . 

4-22 

4-44 

Bio  Janeiro 

Of")  S^ 

Nov.  3  to  13     .  . 

4-29 

4-62 

ALoute  Video  Bay  . 

34  64 

Nov.  23  to  Dec.  3 . 

4-U9 

4-53 

Dec.  1866  to  Jan. 

Magellan  Straits  . 

52  30 

1867  .    .   .  . 

4-16 

4-72 

"We  have  here  a  result  precisely  similar  to  that  obtained  by  conaidtT- 
ing  the  obaervatioiia  when  the  »hip  was  iu  motion,  and  we  may  exbibit 
the  following  Table,  showing  the  residual  imcxplamt  d  difference  appear- 
ing to  be  connected  with  latitude,  aa  determined  by  these  observatioua 
when  the  ship  was  at  rest. 


Station. 

Eeiridual 

diiriT.-ni'r  from 
PlyiiiouUj. 

KaiiM. 

Latitude. 

Plymouth  .  • 

50°  22'  N. 

0 

Funchal    .  , 

*  • 

32  38  ♦ 

-19 

St.  Vincent  , 

16  54 

Rio  Janeiro  . 

•    •  . 

22  55  8. 

-10 

Monte  Video  . 

•           4  . 

34  54 

-19 

ICsgellao  «  • 

•           •  . 

52  30 

0 

Thus,  whether  we  take  the  oberv  ations  when  the  ship  was  in  motion, 
or  those  when  she  was  at  rest,  we  find  a  very  perceptible  residual 
dilTerence,  tbe  cause  of  which  is  unknown,  and  the  tendency  of  wlm  b 
is  to  make  the  readings  at  the  equator  about  0  33  revolution  lower 
thaii  those  at  high  latitudes ;  a  decrease  iu  reading,  it  may  be  weU 
to  mention,  denotes  a  decrease  of  refraction,  as  may  be  seen  by  con- 
sidering the  construction  of  tbe  instrument,  aud  as  has  been  determined 
by  direct  experiment. 

^  ^    ^  J.  P.  G. 

Ckpham  Common,  Hky  25^  1867« 

in  forwarding  tbe  precedmg  commumcation  to  Professor  Stokes, 
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I  ventured  to  request  his  opinTon  tberenn,  :uid  with  his  penaissioil  beg 
to  annex  his  reply  with  Mr.  SStewart'a  remarks. 

«  Orailiridg^  S9l]i  Ifaj,  1867. 

"Ht  DiAB  Sib, — I  have  read  and  carefiiUy  considered  your  Spectro- 
soope  paper,  and  send  you  my  remarks. 

<*  On  examining  Captain  Mayne'e  diagram,  we  are  atruck  with  the 
paramount  influence  of  change  of  temperature.  I  say  temperature, 
without  specifying  whether  of  air  or  prism,  for  the  two  are  nearly 
equal,  so  that  we  have  not  data  to  decide.  It  appears  therefore  that 
the  small  variation  for  temperature,  preriously  known  to  exist,  forma 
the  leading  variation  obsenredj  and  the  variation  due  to  any  other 
cause  must  be  sought  for  in  the  residue  left  on  eliminating  this. 
Hence  accuracy  in  the  temperature-correction  applied  is  of  much 
importance. 

"  To  what  deg^rce  of  accuracy  then  can  we  trust  the  temperature  cor- 
rection ?  To  form  a  notion  of  this,  1  took*  the  mean  tenipcntnroH  and 
mean  readings  for  the  five  groups  of  Kew  observations,  and  tiic  mean 
of  the  meaiiH.  Taking  the  mean  of  the  mean  readings  to  correspond 
witli  the  mean  of  the  mean  temperatures,  and  applying  Mr.  Stewart's 
tenii)eraturc-correetion  (Kew  observations),  namely,  +1-44  readinc^  for 
+  30°  temperature,  I  calcuhited  the  reading  for  each  of  tlie  five  groups, 
subtracted  the  reaults  from  the  observed  readings,  and  regarded  the 
diti'erences  as  errors.  The  moan  error  is  '19 ;  and  the  difference  be- 
tween two  quantities  subject  both  to  errors  liaving  a  mean  value  of 
•10  would  be  given  to  within  a  mean  error  of  '27,  which  being  for  25° 
wouM  correspond  to  32  for  30°.  Nu  doubt  the  mean  of  several 
coiiiiKti  iHons  would  come  closer  than  this,  but  "20  for  30'^  or '13  for  20° 
may  i>e  ukeu  to  be  a  very  probable  uncertainty. 

"  Mr.  Stewart's  corrected  numbers  are  plotted  in  fig.  2.  Tlie  curve 
pretty  plainly  exhibits  two  features,  (1)  a  general  descent,  (2)  a  con- 
cavity  turned  upwards, 

"  The  general  descent  Mr.  Stewart  attributes,  most  probably  correctly, 
to  a  progressive  change  in  the  instrument.  On  tk9  oitumptUm  that  the 
progressive  change  is  uniform,  the  readings  would  be  represented,  so 


tempentore. 

Meaa  retuliiug. 

OaleuUtod 
reading. 

49-8 

071 

098 

-•2y 

755 

2-01 

221 

-•20 

51  5 

1  13 

1-05 

+•08 

767 

2-48 

2-25 

+•28 

58'6 

l-3i 

lid 

+  ld 

014           *  1-63 

 A 

ICesn  of  means. 

■19 

Mflui«flTar. 
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far  as  this  cause  of  variatiou  is  concenied,  by  the  ordinates  of  the 
straight  line  (dotted),  fig.  2 ;  and  accordingly  Mr.  Stewart,  assuming  the 
uniformity  of  instrumental  change ^  takes  the  difierence  of  ordinates  of 
the  dotted  and  curve  linca  (fig.  2)  as  a  quantity  unexplained  by  known 
causes.  This*  quantity  follows  very  well  the  march  of  the  latitude, 
or  of  the  temperature  which  marches  with  the  latitude.  It  would  be 
removed  by  supposing  the  temperature-correction  applied  to  be  too 
great  by  about 

0  80  or  0-33  for  20°. 

"  Such  an  error  in  the  temperature-correction  can  hardly  be  said  to 
be  too  g^eat  to  be  admitted.  Still  it  is  greater  than  we  nhould  expect 
if  the  London  and  Kew  determinations  apply  to  the  state  of  things  on 
hoard  ship. 

"  I  do  not  think  Mr.  Browning's  conjecture  that  the  progressive 
change  was  due  to  an  alteration  in  the  glass  of  the  prisms  probable. 
I  should  think  it  more  probably  due  to  a  slow  release  from  a  state  of 
constraint  in  which  the  instrument  was  left  by  the  boltings,  &c.  If  so, 
I  should  expect  that  the  instrument  would  shake  itself  down  to  a 
permanent  state — that  the  instrumental  change  would  be  more  rapid 
in  the  early  than  in  the  later  part  of  the  voyage. 

"  In  fig.  2  I  have  drawn  a  smooth  cur^'e  by  the  eye  following  generally 
the  irregular  curve,  with  a  view  to  clearing  in  some  degree  the  observa- 


Fig.  2. 


tions  from  casual  errors.  The  curve  ought  perhaps  to  lie  a  little  lower 
on  the  right,  but  I  was  anxious  to  lean  rather  towards  Mr.  Stewart's  view 
than  the  reverse.  The  smooth  curve  of  fig.  2,  lifted  so  as  to  cut  the 
axis  on  the  extreme  right,  is  transferred  to  fig.  3.  If  we  suppose  the 
instrumental  change  more  rapid  at  first  than  afterwards,  the  correction 
thence  arising  will  be  represented  by  the  ordinate,  not  of  a  straight 
line  as  in  fig.  2,  but  of  some  such  concave  (upwards)  curve  as  the  dotted 
cur\'e  of  fig.  3,  and  the  unexplained  residue  will  be  reduced  to  the  ordi- 
nates intercepted  between  the  curves  of  fig.  3.  If  the  curves  are  some- 
what as  I  have  drawn  them,  this  residue  will  follow  very  well  the  march 
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of  the  latitude,  or  of  the  ttmperaiure 'which  marches  with  it,  and  may  bo 
removed  by  supposing  the  temperature-correction  applied  by  Mr.  Stewart 
to  have  been  too  great  by  about 

010  for  20°, 
a  quantity  well  within  the  limits  of  uncertainty. 


"PI-  3. 


"I  think  therefore  that  the  statement  made  in  the  paper — that  a 
residue  so  and  so  exists  after  all  known  causes  have  had  their  effects 
eliminated — is  too  boldly  advanced. 

*^  The  inference  I  should  be  disposed  to  draw  from  the  observations 
is : — 

"That  the  influence  of  the  variation  of  gravity  (or  rather,  I  believe 
it  is  supposed  to  bo,  of  the  potential  of  the  Earth's  attraction)  does 
not  exceed,  in  passing  from  lat.  45°  to  the  equator,  a  change  of 
refiraction  for  the  yellow  of  the  spectrnm  equal  to  about  three-fourths 
of  the  interval  of  the  D-lincs ;  and  that  even  this  small  apparent 
change  may  be  referred  with  great  probability  to  known  causes. 

"  As  to  future  observations  I  should  say — 

"I.  Let  the  observations  be  repeated  on  tlie  homeward  voyage  (I 
pTesumo  the  survey  is  not  yet  finished,  and  the  *  Nassau '  is  still  in 
the  Straits  of  Magellan).  If  the  instrument  has  shaken  down  into 
permanence  the  result  will  be  different  (I  mean  the  result  wwcorrected 
for  change  of  zero),  and  one  source  of  uncertainty  will  be  removed. 

"II.  Should  the  observations  taken  in  the  homeward  voyage  lead 
to  the  same  result,  repeat  the  obsenations  for  temperature-correction 
by  means  of  the  change  naturally  occurring  with  change  of  season, 
relying  chiefly  on  observationd  taken  during  pretty  uniform  weather  of 
whatever  kind.  **  Yours  very  truly, 

"  J.  P.  Gassiot,  ^  "  a.  G.  Stokes." 

"Kew  Observatory,  31  at  May,  18C7. 
"  Mr  DEAR  Srn, — I  have  read  Prof  Stokes's  remarks  on  your  pro- 
posed communication  regarding  the  rigid  spectroscope,  and  before 
adverting  to  any  point  on  which  we  may  have  a  difference  of  opinion, 
it  may  be  well  to  remark  that  we  both  agree  that  the  experiment  in  its 
present  state  is  not  decisive — in  any  case  more  observations  must  bo 
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inade«  Aoknowlodi^ing  ^ith  bim  that  the  variation  due  to  any  other  cause 
than  temperatwe  rnuit  be  louglit  for  in  the  residue  left  on  eliminiriang 
the  tempeTftture-cozrection,  I  jet  venture  to  diffiar  with  him  legMvding  the  ^ 
degree  of  accuracy  to  which  we  can  trust  the  temperature-correction. 

*'Beferring  to  Prof..  Stokea*a  numerioal  resuUvi,  X  911011111  object  to 
found  any  theory  upon  the  first-noted  reading  '71. 

"  The  rigid  spectrOBOOpe  WAS  unfivtunittcly  brought  tO  only  one 
day  before  the  temperature  eiperiiiieiita  (instituted  mm  purticularly 
for  the  mafnetegraphi)  oomiienced,  and  only  two  readinga  were  taken 
before  the  tempemtiire  wai  rai»ed,  I  b«Ueiri»d  it  only  light  to  include 
these  two  in  the  a^unt  given  of  tempwetol^  ohiWf  ationa,  but  I  take 

this  opportiiuil^  of  ^a^ring  that  I  do  n«l  fttlUQli  «nwh  filue  to  the 

mean  of  them  two, 

"If  theae  two  b«  mluM,  ^  MokM'i Md^  vffl  bf  iRodifiedin 
the  foUoiriat  mumtt^ 


tsmponiturfi 
of  set 

A^eun  reading 
observed. 

Deviation  from 

mean  teiup. 
of  thfifowMta. 

Calculated 
reading. 

Obsprred 
—calculated. 

75-5 

2()1 

+  11-2 

220 

-■25 

61*5 

-12-8 

118 

■00 

76-7 

2*48 

2-81 

+•17 

68*6 

1-81 

-10-7 

1-28 

4.  OS 

giviug  au  error  much  less  than  that  shown  by  Prof.  Stokes. 

"If  now  we  compare  together  the  tempcrature-correctionft for  80*  of 
range,  as  determined  at  the  Minoriea  and  at  Kew,  we  ^d — 

Difierenoo 

(A)  TemperatureM?oRectioii  for  80^  at  tiie  BfiUoriei  =1*82  ...  »0d 

(B)  „  Kew        1^ ...  +06 

Mc^  1*88 

I  should  imagine  the  set  of  obserrations  taken  on  board  to  he  com- 
parable in  number  and  accuracy  with  either  (A)  or  (B)»  and  I  should 
expect,  on  ike  tuppoiiHam  tkii  iempwahtri'eorrecHim  nu^  h&  ieier^ 
wined  equally  teeU  land  and  ly  eea  ebeervaiien,  to  obtain  a  result 
differing  from  the  mean  of  (A)  and  (B)  by  a  quantity  something  Hke  '06. 
If  temperature-correction  be  the  same  at  land  and  at  sea,  I  think 
th^fore  that  the  residnal  difference  observed  at  sea  cannot  he  attri- 
hutable  to  an  imperfect  estimation  of  temperature-correction. 

^  Frof.  Stokes  next  suggesta  that  the  progressire  change  of  the  instru- 
ment nuky  haye  been  greatest  at  the  first  part  of  ^e  voyage.  ABowing^ 
aa  the  greateat  possible  extreme  though  veiy  improbable  eaae^  that  i% 
all  took  place  before  the  equator,  lhat  would  atiU  lesTe  a  difieram  of 
*00  revolution  to  be  accounted  for. 

But  this  enppoaition  cannot  evidently  be  entertained ;  uideed,  aa  Hkm 
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instrument  was  nearly  two  yoars  old  when  it  went  to  sea,  there  is  a 
diilirulty  in  suppoein^  that  tho  correction  was  very  mudi  greater  at 
the  iir.st  half  than  at  the  second  half  of  the  voyage. 

'*  On  the  whole  I  should  he  disposed  to  state  the  result  in  the 
following  iiiamier : — 

"That  the  influence  of  the  varuition  of  jp^avity  does  not  exceed,  in 
passing  from  lat.  45°  to  the  equator,  a  cliange  of  refraction  for  the 
yellow  of  the  spectrum  equal  to  about  three-fourths  of  the  mtui  vul 
of  tilO  J)-linefl ;  but  more  observations  must  be  made  before  it  can 
be  aoialed  tiuit  this  apparent  change  is  not  due  to  known  causes. 

"  Yours  very  truly, 

«  J:  p.  SWmiW,  Esq:*  "B.  Stewabt." 

So  favourable  an  opportunity  of  making  correct  observations  with 
a  delicate  apparatus  like  the  rigid  spectroscope  may  not  again  offer, 
and  consequently,  in  ackTvnrletlging  the  receipt  of  Captain  Majme's 
letter  of  17th  Feb.,  nn  e\tr:i(  i  from  which  is  inserted  in  the  preceding 
communication,  I  cxphiined  how  desirable  it  will  be  while  the  *  Nassau' 
remains  iu  tho  Straits  of  Magellan  if  one  observation  on  each  day  is 
taken,  or  two  when  any  very  considerable  range  of  temperature 
occurs,  for  the  purpose  of  being  made  use  of  botli  for  (change  of 
zero  and  as  checks  upon  temperature  observations  to  be  taken  on 
fihore  on  the  return  to  this  country,  as  otherwise  the  obserrationa 
thereon  would  not  bo  so  useful. 

Should  it  be  found  practicable  on  the  return  of  the  'Xassau,*  it  is 
purposed  to  take  a  few  days'  readings  before  the  spcctToscope  is 
removed  from  the  ship  to  Kew  Observatory,  as  this  would  niucli  pro- 
mute  tho  correctness  of  the  £nal  result  which  may  then  be  anticipated. 

J.  P.  a. 

dapfaam  CoaMi,  June  9, 1607- 

in.  '^OiisomeEleiiieiitaEyFrmciplesmAiu^^  By 
the  Bev.  Samitsl  HAxreHTON,  Fellofw  of  Trinity  College, 
BnbUn.   Beceived  May  15,  1867. 

Tliere  are  some  elemtntary  principles  in  animul  inri  lianicjj  vvlacli  are 
so  natural  that  they  may  be  aasuiiied  us  probable,  and  as  such,  have  not 
received  from  observers  tho  attention  they  really  deserve. 

Among  these  principles  I  select  for  illustration  the  two  following:—- 

i.  The  force  of  a  mnscJe  ie  proportional  to  the  area  of  its  cro4s  section. 
The  force  of  a  muscle  is  proportional  to  the  cross  section  (f  the 
tendon  that  conveys  its  influence  to  a  duf  ant  point. 

i.  In  order  to  test  the  first  of  these  statements,  I  made  a  careful  exami- 
nation of  tho  cross  sections  of  the  muscle^  that  bend  the  fore  arm  and  leg, 
in  a  very  finely  developed  male  subject,  with  the  following  results 

Neglecting  the  alight  e^t  of  the  Supinator  radii  longus  iii  ileijiig 

o2 
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tlie  £aie  am,  I  found  the  eroas  aeetioDS  of  the  Bieif9  humeri  and  Bra* 
ekuBUB  to  be  aa  foUowa : — 

CroM  section. 

1.  Biceps  humeri  l*014i  aq.  in, 

2.  jBracku»u9    1*276  „ 

8-190 

Tho  cross  sections  of  the  muscles  that  bend  the  leg  were  found  to  be 

iu  tlie  sauie  subject — 

1.  Biceps  Jcmons  (long  lioad)  2  59  in. 

„         (short  hoiul)  1'14  „ 

2.  &cmiien(Ilnosiis  I'ST  „ 

3.  Semimembranosus  •    .    .    2  25  „ 

4.  Gracilis  *  0  s9  „ 

5.  Sartorius  0  59 

"When  tho  arm  was  held  verticall y,  and  ilic  fore  arm  horizontally,  with 
the  fist  shut  and  in  supinatiou,  I  found  that  39  lbs.  was  the  limit  of  tlio 
weight  that  could  be  lifted  Avlien  suspended  at  12^  inches  from  tlie  axis 
of  the  elbow-joint ;  and  that  the  perpendiculars  let  fall  upon  the  direc- 
tions of  the  muscles  from  the  aame  axis  were— 

1.  Biceps  humeri      ,  •  2'06  inches. 

2.  J^rachuieus  1-07  „ 

Hence  if  &  denote  the  force  of  the  muscle,  per  sqnaie  inch  of  croaa 
section,  we  haye,  adding  21bs.  for  the  weight  of  the  fore  arm  at  12^  inchea 
from  the  aida  of  the  joint, 

and  finally  K= 94.-7  lbs. 

This  reprcHonfcs  the  force  per  square  inch  of  cross  section  that  the 
muscles  ilcxing  the  fore  arm  are  capable  of  exerting. 

In  order  to  measiure  the  force  of  the  muscles  flexing  the  leg,  I  placed 
the  observer  lying  upon  his  face  upon  a  table,  with  the  legs  extended 
over  ita  edge,  and  baring  fastened  down  the  thighs,  I  obeenred  the 
maximum  weights,  suspended  irom  tlie  heel  that  eould  be  conveniently 
lifted,  and  found  that  84  Iba.  waa  the  limit ;  to  this  must  be  added  8  Iba. 
for  the  weight  of  the  leg,  supposed  suspended  at  the  heel,  which  was 
meaaored  as  16J  inchea  from  the  azia  of  rotation  of  the  knee*joint.  The 
perpendiculars  let  fall  upon  the  directions  of  the  several  muscles  flexing 
the  leg  were  then  measured:^ 
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Perpendicular 

1.  JSieeptfemarh  (bug  head)  0*95  in. 

„        (short  bead)  0*66  „ 

.  2.  8emitendino9U$  0*40 

3.  Semimembrmionu    .   •  0*66  ^ 

1.  Oracilii  ,   .  o>25 

5.  iSsrlOTNif  .   •   •   .  (XX)  1, 

Hence  we  find,  for  the  deteraiination  of  K  (the  coefl&cient  of  mmeular 
CMmtmctbn  per  square  indi  of  crosa  aectioii), 


37xl6i=Xx  J 


or. 


and,  iiiially, 


0-66  XI 14 
+0-40  X 1-87 
+0-66  X  2-25 J 
+0-25x0  89 
+000  x  050 

2<460 

0*688 
+0*748 
+1*462 
+0*222 
+0000 

5'63U 


5*58 


6105=Kx  J 


It  appwa  from  the  fixregoing  eoiuiderationa  that  the  force  of  oontrao- 
ficn  of  the  sraadee,  per  square  indi,  is  in 

The  arm    .  04*7  lbs. 

The  leg    .   110*4 

Tliefle  numbers  are,  perhaps,  as  near  to  each  other  as  this  class  of  ob« 
serrations  admits  of,  but  I  beHere  that  they  do  not  differ  so  much, 
really,  aa  thej  apx^ear  to  do,  for  the  following  reason: — 

As  it  was  not  conTenient  to  procure  a  good  subject  destroyed  hy  a 
Tiolent  death,  Tmade  use  of  a  powerful  man  who  had  died  of  diolera 
and  who  had  been  a  blacksmith  by  profession.  Now,  it  is  natural  to  sup- 
pose that  the  muscles  of  the  ana  of  a  blacksmith  are  more  dereloped 
than  those  of  hia  leg,  so  that  their  cross  section  would  be  relattvely  too 
great,  and  the  coefficient  derived  from  that  cross  section,  therefore,  too 

*  II 11  wtXL  humn  that  after  d«alh  Ij  OeHmtt  life  continiiet  in  the  mmSmt  and 
maniftafa  iinlf  for  some  hours  by  moTomcnta,  and  by  the  existence  of  the  muscular 

m'.ntrrt'.Si,  This  latter  fact,  the  first  notice  of  which  belongs  to  Dr.  CoUongue?,  of  Paris, 
I  imre  repeatedly  verified,  as  also  tlie  oontinuanoo  of  the  SMSMrrt^,-.  in  civscs  of  death  by 
tetanus.  It  appeared  to  me,  therefore,  thut  such  a  aubjeot  as  I  selected  was  one  well 
fuited  to  the  purpose  of  my  observations. 
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small.  1  tliercfore  compared  tlie  sections  of  the  JBicrp.^  Injmcri  and 
JBrachi(Cus,  found  by  me,  with  the  only  other  measurcmeute,  with 
which  1  am  acquainted,  for  tlio  knowledge  of  which  I  am  indebted 
to  T)r.  "\V.  !Moore  of  Dublin,  who  tran8late<l  the  i  oault.s  for  me,  fironi 
the  Dutch,  of  Messrs.  Donders  and  Mansfelt  ^  i>i  Utreclit. 

Oro8»  Sections  of  Bieep§  humeri  and  JBraehusuf, 

aillliiiia.  sq.ia. 

L  JBieep$  humeri  (long  head)                         530  0  821 

(short  head)                      452  0  701 

2.  JBraehiaue  Cli  0  952 

1596  2*474 

If  this  estimule  of  tlic  cross  section  of  tho  muscles  be  as.sumed  in- 
stead of  my  own,  the  coefficieuL  iouud  by  me  Dkuuld  bo  incroubcd  lu  the 
proportion  of  3190  to  2171 ;  or 

Coefficient  of  miiBdes  of  foie  arm    .   .   .  ^'7x1^=122  lbs. 

2474 

Tlie  mean  of  tho  coefficients  found  from  my  own  measurenicn  t  of  the 
muscles  of  tlie  arm,  and  that  of  Professor  Bonders,  is  lOS  libs.,  which 
agreey  nearly  with  that  obtained  from  the  muscles  of  the  leg,  viz. 
110*4  lbs.,  and  the  mean  of  all  the  observations  on  arui  and  leg  would 
be  109*4 lbs.,  'd  result  which  1  consider  to  be  not  far  from  the  truth. 

The  cross  sections  of  the  muscles  were  found  by  cutting  them  across 
with  a  sharp  scalpel,  and  marking  out  tlieir  section  on  cardboard,  and 
at'terwards  weighing  the  marked  portions,  the  weights  of  which  were 
then  compared  with  the  weight  of  a  kiiu.vn  number  of  square  inches  of 
the  same  cardboard,  and  so  the  cross  sections  in  square  inches  calculated. 

I  give  here,  for  the  purpose  of  illustration,  the  actixal  sections  of  the 
muscles  of  tlio  leg.    (Figs.  1-G.) 

The  pci  peiuliculars  let  fall  upon  the  directions  of  the  muscles  were 
measured  l>y  stretching  strings  from  the  origin  to  the  innertion  of  the 
muscles,  and  moasui'ing,  by  means  of  a  compass,  the  perpendicidars  let 
tall  upon  these  strings  from  the  axis  of  the  joint. 

The  weights  of  the  muscles  themselves  were  as  follows : — 


OS. 

5.  Semi t/ic/iilirunom(s     .  7*25 

6.  Gracilis     .    .    .    .  2-9S 

7.  &ariQriwt    ....    o  t>6 


ox. 

1.  Biceps  humeri  1*22 

2.  Brachiceus  ....  5*01 
8.  BicepH  ftiuorit  .  .  10-71 
4.  Semitendimms    .    .    D  17 

ii.  Tho  principle  of  economy  of  force  or  of  material  in  nature  would 
lead  necessarily  to  tho  principle  that  each  tendon  conveying  the  cflVct 
of  a  force  to  a  distant  point  should  have  tho  exact  strcjigth  required,  and 
neither  more  nor  less  ;  for,  according  to  the  doctrine  of  f  nal  causes^  it 
was  originally  contrived  by  a  perfect  architect,  and  according  to  Lan 
•  Over  de  Elasticiteit  der  Sp^aran.   UfcMoht»  ia6a 
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marckian  views  it  must  have  perfectly  aocommodated  itself  to  the  uses 
to  which  it  i<^  applied,  Accordiu«:,  therefore,  to  cither  view,  if  the 
teodou  b%  too  titroiig,  it  will  bocome  atropki/ed  down  to  the  proper  limit; 


and  if  too  weftk,  it  mnrt  eHiber  Ineaky  or  be  tumridied  up  to  tlio  lequi- 
•ita  dc^gree  of  strength.  It  Memed  to  nie  demiftUe  to  piote  this  fbnda* 
mentttl  proposition  in  aoitnal  meehaiiics  hj  direct  obsenraiaon ;  and  I 
seleoted  for  this  purpose  the  tendona  in  the  leg  of  aerend  of  the  large 
running  Uida  {fiMUouMi  \  and  alwaya  vith  the  aalne  reaolt,  tis., 
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that  iJifi  eroM  sections  of  any  iuo  muscles  tending  to  produce  a  similar 
effect  arc  di recti proj)urtionol  to  the  cross  sections  of  their  tendons. 

I  shall  select  as  an  example  the  case  of  the  flexor  haUucis  Jang  us  and 
fiexor  digitorum  communis     rforans  of  the  Khea,  whose  ietidoin  unite 
into  a  comuion  tcudon  halfway  down  the  posterior  aide  of  tliu  caancon 
bone  of  the  bird. 

The  cross  sections  of  these  two  muscles  are  shown  in  the  annexed 
figures,  taken  as  in  the  human  subjeet.  (Figs.  7  and  8.) 

The  areas  of  tliese  cross  scctioua  were  found  to  be  as  245  to  IGOj  or 
.  the  lesser  was  05  per  cent,  of  the  greater. 

Two  equal  lengths  of  the  dried  teuJuiis  were  then  weighed  and  found 
to  be  in  the  proportion  of  845  to  ID.j,  whicli  was  assumed  to  be  the 
proportion  of  their  cross  sections.  The  lesser  of  tliese  iiumbcrs  is 
69  per  cent,  of  the  greater;  a  result  that  seems  to  be  as  near  to  the 
former  result  derived  from  the  muacles,  as  can  bo  expected  in  this  clofis 
of  experiments. 

IV.  "Observations  on  the  Anatomy  of  the  Thyroid  Body  in  Man." 
By  Geor(jk  W.  Calle.ndeK;  Ijccturer  on  Anatomy  at  St. 
Bartholomew's  Hospital.  Communicftted  by  Mr.  Paost^  Re- 
ceived June  8^  idO/. 

(Abstract.) 

Much  doubt  exists  as  to  tho  earliest  connexions  of  tbe  thyroid  body, 
whether  it  is  de?eloped,  that  is  to  say,  with  the  membranoiifl  air-tabe^ 
or  has  a  commoxi  origin  with  the  thymus  ghmd.  There  are  no  re- 
liable observations  as  to  the  formation  of  the  isthmus  or  as  to  the  ongtn 
of  the  pyramid,  so  far,  at  least,  as  man  is  concerned,  although,  wfth 
reference  to  the  isthmus,  its  absence  in  an  entire  class,  thafr  Inrde, 
and  the  obaerrations  of  Gray  on  the  formation  of  the  thyroid  in  the 
ehiek,  count^iance  the  supposition  that  it  results  from  the  growing 
together  of  two  lateral  masses. 

In  a  human  f<etus,  between  the  sevmth  and  eighth  week,  the  thyroid 
body  is  closely  connected  with;the  trachea  and  with  tho  lower  edge  of  the 
larynx,  and  although  eonmsting  of  but  one  piece  is  deeply  notched,  and 
thus  looks  as  though  made  up  of  three  separate  lobes.  It  is  quite 
distinct  from  the  thymus,  as  may  be  further  seen  in  the  dissection  of 
a  foetal  rabbit  or  fcetal  pig,  in  which,  whilst  firmly  attached  to  the 
trachea^  it  has  no  kind  of  connexion  with  the  thymus.  In  the  human 
foBtua.  no  distinct  evidence  of  the  thyroid  appears  to  exist  before  the 
sixth  week,  up  to  which  time  it  cannot,  I  believe,  be  isolated  from  the 
structures  in  front  of  the  neck.  It  seems  to  come  out  from  the  blastema 
in  the  fi>nn  of  a  mass  in  front  of  the  trachea,  and  quickly  acquires  an 
imperfectly  lobed  appearance. 

In  the  dissections  referred  to,  the  presence  of  a  middle  portion  and  its 
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equal  dcTelopment  with  the  lateral  lobes  lead  to  the  inference  that  this 
central  part  is  present  from  the  earliest  period,  and  that  the  thyioid 
isthmus  is  not  formed  by  a  «^owin(5  together  of  two  distinct  sidopieces. 
In  examining  the  thyroid  in  f(rial  dog^,  cats,  and  hares,  I  have  always 
found  tlie  middle  portion  equally  developed  with  the  side  lobes,  and 
bounded  by  notches  which  seem  to  dcfifie  it  from  them.  "With  the  growth 
of  the  ffFtus  the  central  part  ai  peai  r^  to  ilatten,  losing  the  roiindcd, 
lobular  condition,  and  sometimes  diBji]»]H  :ir3.  The  isthmus  is  formed 
from  the  Hmaller,  middle,  divinion  nnitiiig't  he  other  two ;  but  there  may  bo 
an  alisenco  of  isthmiiH  tlirough  failure  of  tlus  uiiion,  the  middle  portion 
joining  llu^  3'i^^^lit  or  left  lube, or  a  small  middle  lohv  Juay  remfun  distinct 
from  the  other  two.  The  pyramid  is  very  commouly  met  with  iu  tho 
ftetus,  and  is  clearly  an  outl)  nig  part  of  the  body,  sometimes  represented 
by  bud-like  projectionn,  sometinios  consisting  of  a  process  which  reaches 
to  tho  hyoid  bone.  It  is  probable  that  these  outgrowths  from  the  fcDtal 
thyroid  often  shrink  and  disappear  with  advancing  years. 

The  dissections  of  the  human  fcctus  lead  to  the  following  conclu- 
sions: — (1)  The  tliyroid  is  developed  in  connexion  with  the  air-tube, 
and  iias  no  relatiuu  with  tlie  thymus.  (2)  It  does  not  consist  of  two 
separate  lateral  masses,  and  the  isthmus  id  presmt  from  tho. first  as 
a  distinct  central  portion,  ('I)  The  pyramid  is  an  outlying  part  of 
the  body,  preseutingi  duiiug  fu,'Lai  life,  all  possible  vaiiatiuns  as  to  sliapo 
and  site. 

V.  ^On  the  Physical  ConBtitution  of  the  Sun  and  Stan/'   By  G. 

Johnstone  Stoney,  M.A.,  F.R.S.,  P.R.A.S.,  Secretary  to  the 
Queen's  University  in  Ireland.    Receised  May  15,  18G7. 

(Abstract.) 

An  attempt  is  made  in  the  memoir  of  which  this  is  an  abstiact  to  take 
adiantage  of  the  insight  we  hare  gained  within  the  last  few  yean  into  the 
molecnlar  eenstitntion  of  gases^  and  the  lews  which  legolate  the  ezchanges 
of  heat  that  take  plaee  hetween  hodies  placed  in  presence  of  one  anoth«r, 
end  to  apply  these  new  materials  to  the  interpretation  of  the  phenomena  of 
the  photosphere  of  the  snn,  the  appearances  presented  dnring  total  eclipseib 
and  the  infonnation  abont  both  sun  and  start  giren  by  the  spectioseope. 

In  an  inquiiy  like  thl8»  where  we  are  obliged  to  put  np  with  sneh  prooft  as 
the  materiab  at  our  disposal  can  supply,  we  must  be  content  to  accept  re- 
sults of  evciy  variety  of  probability*  from  that  degree*  boidering  upon  cer* 
tataly,  which  commands  an  unhesitating  assent,  to  that  of  which  Uie  chief 
scientific  Yslneis  that  it  prompts  to  further  inTCstigatioa  and  points  out  a 
path.  Hiosc  who  read  Uie  memoir  itself  will  best  jndge  of  the  probability 
of  each  oondnsion  from  the  proofo  laid  before  them ;  but  in  this  sketch  of 
its  contents  it  may  not  be  useless  to  indicate  what  is  the  valoe  put  upon 
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each  result  by  the  Author^  ibuse  the  piooft  nmst  in  many  cases  be  entirely 
omitted.    It  will  be  oonTenient  to  do  this  by  namben. 

The  probabili^  4,  then,  ia  to  be  understood  to  imply  that  the  matter  in 
hand  appears  to  the  author  to  be  fully  made  out.  He  woold^  for  example, 
assign  this  probability  to  the  wate-theory  of  lights  and  to  the  main  features 
of  the  theory  of  the  molecular  oonstitution  of  gasee  which  have  been  worked 
out  by  Clausius  and  others  within  the  last  twenty  years.  The  number  1 
will  be  used  where  an  hypothesis  agrees  so  well  with  such  of  the  pheao- 
mena  as  are  known,  that  it  is  concluded  that  it  must  be  either  the  true  ac- 
count of  them,  or  bear  some  intimate  relation  to  the  true  theory ;  2  will 
indicate  that  we  have  good  ground  to  conclude  our  hypothesis  to  be  the 
true  theor}',  although  at  the  same  time  the  evidence  is  too  scanty  or  con- 
flicting to  free  us  from  hesitation  ;  3  will  indicate  a  proof  so  strong  that  we 
should  be  very  much  surprised  if  anything  were  eventually  to  disturb  it ; 
4,  as  has  been  already  stated,  will  mark  a  conclusion  fully  made  out ;  and 
to  complete  the  series,  5  may  be  used  for  that  demonstrative  proof  of  which 
few  subjects  of  inquiry  are  susceptible. 

•    Observations  with  the  spectroscope  have  made  known  to  us  that  the  sun's 
outer  atmosphere,  that  is,  the  pait  of  the  atmosphere  which  extends  out- 
side the  photosphere,  is  a  mixture  of  mruiy  gases,  amongst  which  hydrogen, 
sodium,  magncsiiini,  calciuni,  clirDiniuiu,  n!iingfine:-'(\  iron,  nickel,  coball, 
copper,  zinc,  and  barmin — all  of  the  in  perniaiiciit  giises  in  cQusequence  of 
the  temperature — have  been  detected.    Now  it  is  shown  to  be  a  necessary 
consequence  of  the  ]iu)l<  cular  eonstitution  of  gases  that  in  such  an  atmo- 
sphere, decreasing  in  teuiperature  from  within  (»ut\vards,  the  various  consti- 
tuent gases  are  not  everywhere  equally  oiixed,  but  tiiat  in  tlio  n])per  regions 
those  wliich  have  the  lightest  molecules  rise  the  furthest,  so  that  the  ^asts 
overlap  one  another  in  the  order  of  the  masses  of  their  iiiukculcs  (proba- 
bility 5).    It  also  folluwa  lioin  a  coujsitleration  of  the  vaj)Our-densities  and 
atomic  weights  of  the  chemical  elements,  with  probabilities  which  ranj^e 
from  4  to  1,  that  those  which  arc  present  in  the  sun's  atmosphere  liuve 
molecules  witli  massea  increasing  in  the  order  iu  which  their  names  have 
been  printed  above,  the  molecules  of  hydroe:en  being  the  lierhtest.  This, 
then,  is  the  order  in  :vhieli  the  boundaries  of  these  ^rsqs  Tvonltl  be  met  with, 
iu  descciulinp:  iVotn  tlie  surface  of  the  sun's  atiiiosphere  downwards. 
'    This  reaiilt  is  abundantly  confirmed,  and  in  its  main  features  raised  to 
probability  4,  by  observations  witli  the  spectroscope.    Each  constituent  of 
the  solar  atmosphere  is  opakc  to  those  rays  which  it  emits  uben  incandes- 
cent, and  which  constitute  its  spectrum.    In  this  way  all  the  li^^ht  nf  these 
particular  wave-lengths  which  has  been  emitted,  either  by  the  |»hutosphere, 
or  by  the  lower  and  more  intensely  heated  strata  of  a  gas  in  the  solar  at- 
mosphere, is  stopped  in  its  passage  outwards,  and  the  gas  substitutes  for  it 
the  much  more  subdued  light  winch  emanates  from  its  own  upper  mul 
therefore  coolest  stratum.    Now  if  the  view  enunciated  in  the  last  paragraph 
be  true«  these  outer  layers  of  the  respective  gases,  from  which  the  rays  as 
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m  see  them  come,  must  be  at  very  rarious  temperatures,  thit  of  hydrogen 
being  the  coldest,  and  the  others  in  order  after  it.  This  is  predselj  in 
conformity  with  the  observalioiis.  The  rays  of  Iiydrogen,  sodium,  and 
magneiiiuii  esumate  from  a  region  so  cold  that  the  Unes  of  these  elements 
in  the  sun's  spectrum  are  intensely  black  in  whatever  part  of  the  speotmm 
they  may  occur;  in  other  words,  the  light  proceeding  from  the  upper 
layers  of  these  gases  is  so  feeble  that  it  is  not  in  any  perceptible  degree 
luminous  when  placed  in  contrast  with  the  intense  background  of  light 
from  the  photosphere.  On  the  other  hand,  calcium,  iron,  and  the  rest, 
whilt;  thcv  produce  oiilv  black  lines  in  the  violet  and  indigo,  give  rise  to 
lines  wiiieh  are  seusddy  less  dark  in  the  blue,  and  to  lines  which  emit  a  still 
more  considerable  amount  of  light  in  the  green,  yellow,  orange,  and  red, 
those  coluurjj  in  which  a  body  e;rndually  licated  begins  to  glow. 

A  detailed  scrutiny  of  the  hues  enutted  by  the  various  gases  h  ads  to 
sereral  interestin»2:  results.  Ilydrogeu  and  iron  are  the  two  Uiost  abundant 
constituents  of  tlie  sun's  outer  atmosphere,  and  play  in  it  the  same  part 
which  nitrogen  and  oxygen  do  in  the  earth's.  There  is  but  the  merest 
trace  of  sodium  present.  The  other  "rases  are  met  with  in  intermediate 
cjnantities.  Again,  barium  eainiot,  have  a  ^  ajionr-ilensity  so  high  as  would 
appear  as  first  from  its  atoune  weight,  and  therefore  probably  belongs  to  the 
same  class  of  eiemeuta  as  cadmium  and  mercury,  which  hare \apour-Liensi- 
ties  half  of  what  correspond  to  their  atondc  weights.  To  these  several  re- 
sults we  may  attribute  the  j)rubabihLy  u. 

The  photosphere  consists  of  two  strata  which  may  be  distinguished. 
The  outer  of  these  is  shown  to  be  cloud  in  the  ordinary  sense  of  the  word, 
that  is,  solid  or  licpiid  matter  in  a  state  of  niiiuUe  division,  and  denser  than 
the  part  of  tlie  atmosphere  in  which  it  i:^  dispersed  ( ])robability  '■^).  This 
cloud  is  preei})ltated  tVoni  its  va})Our  by  the  chill  produced  by  its  own 
abundant  radiation  towards  the  sky,  a  chill  which  constitutes  the  shell  of 
clouds  a  surface  of  minimum  temperature  considerably  cooler  than  either 
the  layer  above  it  or  the  layer  beneath  (probability  3).  The  hotter  layer, 
which  is  outside  the  luminous  clouds,  seems  to  htve  ft  depth  somewhat 
greater  than  the  length  of  the  earth's  radius  (probftbility  2).  Just  outside 
it  there  is  a  second  hiyer  of  luminoin  donds,  hat  so  eniessiTely  thin  that 
they  can  be  seen  only  during  a  total  edipse^  on  wUeh  ocCMloiit  ft  portion  of 
them  has  been  seen  under  the  form  of  two  aios  of  doad  eitendiog  ibr  some 
diitftaee  on  elite  sidt  of  the  points  of  first  and  Uuit  contaet,  where  ftlone  ft 
snfficieiitlf  low  put  of  the  sun's  fttmospbefe  was  dtsdosed  (probability  3). 
Above  tliese  dieitt  loftr  other  donda  raised  bj  cftoses  wbidi  will  be  itl^^ 
to  foither  on. 

About  the  middle  of  the  Lot  stratum  over  the  pbotospbere  there  la  ft  anr* 
face  of  mtfiimnm  temperature^  outaide  whicb  tiie  temperature  deereaaes 
afanoat  continuoudy  to  the  limit  of  the  iron  atmosphere.  A  little  outside 
this  there  is  a  seeond  mrj  feeble  maztmumj  the  tempemtufeof  wMdi  iUla 
abort  of  the  beat  of  tbo  ilame  of  ft  Bonsen'a  burner;  and  ontaido  tbis» 
tbrouijh  the  immense  height  wbidi  is  tenanted  bysodimn,  magoednai^ana 
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hydrogen  alone,  the  tempenitaie  goes  on  decreanog  till  it  becomes  ezoes- 
fiivcly  cold.   These  results  are  raade  out  with  probabilities  2  and  3. 

Within  the  lomuuMis  donds  the  temperature  veiy  rapidly  waxes,  and  the 
density,  too,  appears  to  receive  a  nearly  sudden  increase.  All  gases  with  a 
vapour-density  more  than  about  eighty  times  that  of  hydrogen  are  imprisoned 
within  the  shell  of  clouds  by  the  comparative  chill  which  there  preraiby 
cooperating  itli  the  iutensity  of  the  force  of  gravity  exerted  by  Uie  son. 
Between  the  film  of  clouds  and  the  stratum  unmediately  beneath  there  are 
violent  motions  of  conrection,  which  both  carry  up  fresh  vapoar  to  be  eon* 
densed  into  cloud,  and  carry  down  the  cloud  into  a  region  where  it  becomes 
mist  and  rain.  It  is  cooTenient  to  restrict  the  word  cloud  to  cloud  iu  that 
sitoatian  in  which  it  can  form,  giving  the  names  mist  or  rain  to  the  cloud 
when  carried  down,  either  by  currents  of  convection  or  by  subsidence,  into 
a  position  from  which  there  is  not  that  nlmndant  radiation  towards  the 
sky  which  is  essential  to  its  forming.  The  clouds,  in  this  restricted  sense 
of  the  term,  are  everywhere  of  a  gauze-like  transparsncj  to  admit  ef  the 
copious  radiation  towards  the  sky  which  is  requisite ;  and  this  enables  speo- 
tators  upon  the  earth  to  see  through  them  the  light  emitted  by  the  mist  and 
fain  beneath.  This  mist  and  rain  seem  everywhere,  except  iu  the  solar 
spots,  to  be  dense  enough  to  be  opake,  and  therefore  emit  the  maximum 
light  corresponding  to  their  temperature.  This  temperature  is  higher  than 
that  of  the  clouds,  and  accordingly  the  mist  and  rain  constitute  a  back* 
ground  brighter  than  the  luminous  donds. 

Hence  the  finely-granulated  appearance  of  the  surface  of  the  sun,  the 
currents  of  convection  creating  a  kind  of  honeycombed  structure  in  the 
itratnm  of  clouds ;  the  ascending  currents  carrying  up  hot  vapours  in  which 
only  excessively  thin  doud  can  fbrm,  since  under  these  unfavourable  dr* 
cumstances  its  lowest  parts  cannot  tolerate  even  the  slight  obstruction  to 
their  radiating  freely  whidi  a  cloud  of  the  average  density  would  ofiier  s  and, 
on  the  other  hand,  the  descending  currents  carrying  down  those  portions 
which  by  prolonged  radiation  have  cooled  down  abnormally,  and  thus  be» 
come  both  more  opake  by  the  condensation  of  more  cloud,  and  less  bright. 
Those  portions  which  by  the  most  persistent  radiation  cool  down  the  most, 
seem  to  furnish  the  very  dark  specks  which  have  been  taken  notice  of  by 
observers. 

Hence  also  arises  the  gradation  of  light  which  is  observed  upon  the  sun*s 
disk.  In  the  middle  of  the  disk  we  look  vertically  through  the  honey- 
combed structure  which  has  been  described,  and  see  through  it  the  brighter 
background  almost  without  any  intervening  obstruction.  But  as  we  turn 
our  eyes  towards  the  margin  of  the  disk,  we  look  more  and  more  obliqndy 
across  the  cdumns,  which  progressivdy  intercept  increasing  qnantitiea  of 
the  brighter  light  ftom  beyond,  and  snbetititte  for  them  their  own  feebler 
ridiaCioiis. 

If  by  disturbances  in  the  atmosphen  the  hotter  stratum  on  dtber  nde 
is  made  in  certain  places  to  cncroadi  npon  the  luminous  douds,  they  are 
unable  to  maintain  in  ihia  situation  as  low  a  temperatnie  as  dsewhere*  and 
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therefore  become  abnormally  thin.  If  this  process  is  not  carried  so  far  as 
to  put  a  stop  to  the  incessant  rain  beneath  the  clouds,  their  increased 
transparency  will  give  rise  to  a  faeuk  when  the  phenomenon  takes  place 
om  a  large  8cale>  and  to  the  connelj  mottled  appearance  of  the  photosphere 
wktte  it  preaenta  itielf  in  amaUer  patches.  Hence  we  see  why  a  fiieula 
xetaina  its  brightneaa  up  to  the  margin  of  the  ann'i  diaV,  a  phenomenon 
whieli  la  inconaiitent  with  the  nauaUy  recdYed  hypothesia  that  the  grada- 
tion of  light  on  ihe  inn'a  disk  ib  dne  to  the  absorption  of  the  outer  atmo- 
apbere.  If  the  rain  also  ceaae  we  haTC  the  penumbra  of  a  spot;  if  the  cloud 
hadf  la  dinohed  away,  we  have  ita  umbra. 

Tlie  dark  body  which  is  disoloied  In  the  umbrss  and  penumbras  of  spots 
must  be  cither  an  untamtahed  ocean  of  some  highly  reflecting  npake  snb- 
atanee,  or  a  doud  of  some  transparent  material  which  scatters  light  abun- 
dantly.  Both  hypotheses  are  fully  considered. 

To  moat  of  the  foregulng  oondusions  relating  to  the  photosphere  and 
the  adjoming  parts  we  may  saftly  accord  the  probability  S, 
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one  of  TaikUe  windipfediMedliy  dMosndingenzTcnfik 
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Southern  zone  of  tariable  winds  produced  by  curronU  aixtut  to  ascend. 

WW 

'XtguAaaal  sons  of  oahns  and  deioaiiding  tnxmda, 

/  ///  ji 

Korlfaem  soae  of  variable  winds  pvodooed  by  caneato  about  to  sseend.  /^ 
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Zono  of  Taiiablo  winds  produced  by  desoending  currents. 


Polir  eoluiB  and  aaoending 
cunents. 


We  have  strong  reasons  for  suspecting  that  the  luminous  clouds  consist, 
like  nearly  all  tlic  sources  of  artificial  light,  of  minutely  divided  cai  bon ;  and 
that  the  douds  themselves  He  at  a  very  short  distance  above  the  situation 
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in  wbich  the  heat  is  so  fierce  that  carbon,  in  spite  of  its  want  of  volatility, 
and  of  the  enormous  pressure  to  \siiich  it  is  there  subjected,  boils.  The 
utubra  of  a  spot  seems  never  to  form  unless  when  the  region  in  which  carbon 
boils  is  carried  upwards,  or  the  hot  region  above  the  clouds  is  carried  down- 
wards, 80  as  to  bring  them  into  contact,  and  thus  entirely  obliterate  the 
interveuing  clouds.  It  is,  however,  not  safe  to  attribute  to  the  results 
stated  in  this  parag:raph  a  probability  of  more  than  1. 

The  trade-winds  whieh  bluw  over  the  surface  of  the  jiliotosphere  areulso 
inquired  into.  These  seem  to  arise,  as  Sir  John  lit  r^cliel  suspected,  from 
the  oblate  form  of  the  sun  causing  a  difference  iu  tlie  escape  of  heat  from 
his  poles  and  equator.  There  are  ascending  currents  at  the  poles,  descend- 
ing currents  all  round  the  equator.  This  produces  a  region  of  equatorial 
calms  bordered  on  either  side  by  zones,  in  the  noriiiern  of  which  south-east 
trades  prevail,  and  in  the  southern,  north-east.  These  are  succeeded  bv 
variable  winiU  in  the  regions  of  spots,  beyond  wiiich  the  polar  current  Ijlows 
over  the  surface  ot  tlic  pliotosphere  in  the  form  of  a  north-west  trade  in  the 
11  li  t  hern  liemisphere,  and  a  south-west  trade  in  the  southern.  In  the 
region  uf  spots,  both  the  polur  and  equatorial  currents  make  their  way  to 
a  higher  level,  and  in  Joiug  so  iieave  up  into  a  colder  situation  con^iili  rable 
portions  of  the  upper  layer  of  excessively  thin  cloud,  thnt  which  is  seen  only 
during  eclipses.  This,  though  it  may  at  first  take  place  comparatively  gently, 
will  be  surc(>eded  by  a  violent  i3])ward  motion,  because  tlie  cloud  when 
raised  to  a  cool  region  will  retain  a  temperature  bordering  upon  that  of  the 
photosphere.  When  tiiis  occurs  it  will  both  produce  the  phenomenon  of 
overhanging  clouds  seen  during  eclipses,  and  give  rise  to  a  violent  cyclone 
in  the  regions  beneath,  immediately  over  the  photosphere.  There  is  no 
other  part  of  the  sun  upon  which  these  conditions  prevail :  hence  the  limi- 
tation of  spots  to  two  bands  parallel  to  the  equator.  To  these  results  we 
may  assign  the  probability  2. 

In  the  next  branch  of  the  inquiry  we  are  obliged  to  liave  pretty  free  re- 
course to  speculation  ;  and  the  results,  though  there  is  much  to  be  said  for 
them,  must  be  received  with  the  caution  which  becomes  us  when  we  are 
not  at  liberty  to  award  a  probabihty  higher  than  I .  "VVe  are  forced  to 
invoke  an  external  agent  to  account  for  the  periodicity  of  the  spots,  imd 
that  which  suhmitted  as  apparently  the  most  probable,  is  a  swarm  of 
Uieteors  like  those  which  visit  the  earth  in  November  every  thirty-third  year, 
but  extended  into  a  much  longer  stream.  These  while  they  pass  through 
the  sun's  atmosphere  would  warm  the  upper  regions  above  his  equator,  aud 
thus  tend  to  enlcehle  the  causes  which  produce  the  trade-winds.  Hence 
upon  each  such  ^  i  it,  the  trade-winds,  the  storms  which  result  from  them, 
and  the  s^iots  w])ich  tin  se  occaijioii  would  all  be  moderated.  It  is  remark- 
able that  this  hypulhi  >is  accounts  also  for  the  fact  that  spots  prevail  more 
in  one  hemisphere  than  the  other,  inasmuch  as  the  meteors  niust  act  more 
on  one  hemisphere  than  the  other,  and  lessen  in  it  the  causes  tliat  produce 
gpotSj  unless  we  make  the  highlj  improbable  supposition  that  the  axis 
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mftjor  ni  the  orbit  of  tho  meteon  lies  just  along  the  Uoe  in  whieh  its  plane 
intenecti  the  phme  of  the  aim'e  eqiittor.  It  is  also  very  xemarkable  that  the 
inteml  of  time  in  whieh  the  spots  |^  through  their  mutationBt  which  we 
mst  of  oomie  adopt  as  the  peiiodie  time  of  the  meteors  in  their  orhi^ 
Msignitothcm  an  aphelion  distanoe  ontside  and  dose  to  the  orbit  of  one  of 
the  princqMl  pisneti*  Satnin.  There  is  therefore  veiy  considerable  ground 
to  sospeet  that  there  is  such  a  swarm  of  meteors  which  was  diverted  mto 
tbe  sdar  i^stem  bj  Satom*  at  no  Tcrj  remote  epoch— jost  as  onr 
November  meteors  were.brooght  in  by  the  planet  0ranus  in  the  year  126 
of  the  Chdstian  era. 

jPinally,  it  is  shown  that  an  hypotheiis  which  has  found  much  and  de-* 
served  favour  of  late  years,  that  die  heat  expended  by  the  sun  is  continually 
restored  to  him  by  the  falling  in  of  meteors  which  had  been  durculating 
round  him,  is  no  longer  tenable. 

The  seccod  pstt  of  the  memoir  treats  of  other  stars.  •  The  differences  in 
their  appearaiices  are  found  to  depend  mainly  on  differences  in  the  force  of 
gravity  exerted  at  their  surfaces.  Where  gravity  on  a  star  is  feebler  than 
on  the  sun,  either  from  the  mass  of  the  star  being  ]ess«  or  from  its  beiog 
so  dilaied  by  heat  that  its  outer  parts  are  further  removed  from  its  centre^ 
gases  which  by  reason  ol  the  mass  of  their  molecules  are  imprisoned  within 
the  photosphere  of  the  sun,  will,  when  less  attracted  downwards,  be  able  to 
stand  the  coolness  of  ihe  shell  of  clouds  and  pass  beyond  them.  Thua 
mercury,  antimony,  tellurium,  and  bismuth,  all  of  which  have  too  high  a 
vapour-density  to  exist  in  the  sun's  outer  atmosphere,  show  themselves  in 
that  of  Aldebaran.  Again,  in  these  stars  all  the  gases  of  the  outer  atmo- 
sphere expand  until  their  upper  layers,  those  from  ^vliich  their  spectral 
lines  issno,  are  cooler  than  on  the  sun.  These  spectral  lines  will  accord- 
ingly be  darker  than  on  the  suu,  and  as  this  will  tell  with  most  effect  on 
the  blue  end  of  the  spectrum,  it  will  render  the  light  from  these  stars  ruddy. 

On  the  other  liand,  those  stars  which,  either  from  being  of  greater  mass 
than  the  sun,  or  iVtjiii  biliig  less  hot  in  their  infernal  parts,  attract  down 
the  gfi^es  of  their  outer  atmospheres  with  more  iurce,  constitute  the  class 
of  intensely  white  stars  with  a  somewhat  violet  tin^e,  of  which  Sirius  and 
a  Lyree  are  examples.  Several  of  the  substances  which  in  the  suu's  spec* 
trum  give  ri^e  to  faint  lines,  are  oii  such  stars  confined  within  the  photo- 
sphere;  and  die  lowoi  temperature  which  others  of  them  can  withstand, 
is  by  reason  of  the  force  with  which  they  are  attracted  downwards,  hotter 
than  the  correspondmg  temperatures  of  the  sun.  Hence  the  substances 
whicii  on  the  suu  cause  his  numerous  dark  lines — sodium,  magnesium,  cal- 
cium, chromium,  manganese,  iron — ^produce  in  the  spectrum  of  the  star 

*  The  aitnetion  el  Jopitcr  would  alto  have  been  eompetent  to  divert  a  daster  of 
iseleoni  into  an  orbit  of  tho  requisite  form  and  dimendons;  bat  the  situation  of  tho 

orbit  would  in  that  case  have  caused  the  meteors  to  cross  the  path  of  Jupiter,  so  fhnt  the 
planet  woiild  have  ncted  ever  since  as  a  powerful  dispersing  agent*  and  it  does  not  seem  ' 
hkoiy  that  iuch  an  influeoce  has  been  in  operatioa. 
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lineB  equally  niinieroiu,  but  faint.  There  la  bnt  one  exception  to  this* 
Hydrogen  bas  a  molecnlar  maaa  ao  amazingly  low  (one  twenfy-tbiid  part 
of  the  maaa  of  molecnlea  of  aodimn^  the  neareat  to  it  in  tbia  reapcct  of  the 
known  eonatitnenta  of  atellar  atmoapberea),  that  there  ia  probably  no  star 
which  can  exert  a  force  of  graYi^  ao  powffful  as  to  compel  hydrogen  to 
limit  itself  to  temperatnrea  which  abow  in  any  part  of  the  spectrum  a  per- 
ceptible degree  of  brightneaa  when  placed  upon  the  background  of  the  pho- 
.  toaphere.  In  all  atara  accordingly  in  which  hydrogen  appears  at  all,  the 
Ibur  hydrogen  lines  are  found  intensely  black. 

We  see»  Uien,  why  solitary  atan  are  found  of  some  particnhr  colours  only. 
Stars  which  exert  upon  their  outer  atmospheres  a  force  of  gravity  as  great 
or  greater  than  the  sun's  are  white :  those  on  which  gravity  is  a  less  force 
are  of  some  ruddy  tint,— yellow,  orange,  or  red.  The  foregoing  results  are 
adjudged  to  be  of  probability  4,  that  is,  fully  made  out. 

Those  stars  in  ^ich  the  force  of  gravity  is  veiy  ntifeA  less  than  on  the 
Bun  appear  to  form  a  distinct  subclass.  The  four  hydrogen  lines  are  not 
found  in  themt  and  at  the  same  time  new  spectral  lines»  arranged  in  bands 
each  of  which  is  closely  ruled  and  fiides  off  on  the  leas  refiangjble  side* 
make  their  i^pearance.  May  we  not  here  venture  the  suspicion  that  when 
gravity  upon  a  star  is  below  a  certain  lunit,  such  conditions  prevail  as  com* 
pd  the  hydrogen  which  would  otherwise  be  free,  to  enter  into  combinalaoii 
with  some  other  element  of  low  vapour-density;  and  that  the  resnltiiig 
compound  emits  that  spectrum  of  the  Fint  Order,  as  Pliieker  has  called  ift» 
which  we  see? 

To  account  for  the  colours  of  the  companions  of  double  stars  we  are  agpin 
forced  to  enter  upon  speculative  ground*  If  the  sky  be  peopled  witb  count- 
less multitudes  of  dark  stsrs,  which  as  well  as  the  small  number  that  are 
visible,  move  only  in  virtue  of  their  mutual  attractions,  it  csnnot  be  an  ab« 
solutely  unusual  occurrence  for  two  stars  to  come  into  collision.  Whenever 
this  happens,  either  the  two  stan  emerge  from  the  irigbtfiil  conflagration 
which  would  ensue  as  one  star,  or,  if  they  snoceed  in  disengsging  tfaenK 
selvei^  they  will  be  found  after  the  catastrophe  moving  in  new  oil^  If 
their  previous  courses  had  been  parabolic^  it  can  be  shown  that  the  new  re* 
Iativ6  orbit  inU  be  elliptic.  Hence  they  will  return  to  the  charge  again 
and  agam,  and  at  «ach  perihelion  pasasge  there  will  be  a  ftesh  modification 
of  the  orbit  It  is  shown  that  these  modifications  will  in  some  instsmces 
be  such  that  the  periheliou  distance  will  be  constantly  on  the  increase^  so 
that  the  stars  wiO,  in  their  successive  perihelion  paassges,  dimb  as  it  were 
asunder  through  one  another's  atmospheres.  And  the  distance  to  which 
they  will  ultimately  withdraw  before  they  separate  will  of  necessity  be  im- 
mense, smce  their  atmospheres  must  have  been  dilated  to  a  vast  lise  by  the 
ftiction  to  which  they  liave  been  subjected.  As  the  stars  recede  from  one 
another  the  amount  of  heat  which  they  generate  at  each  perihelion  pasasge 
is  progressively  less  and  less,  until  at  length  the  atmospheres  of  the  stan 
shrink  in  the  intervsls  between  two  perihelion  paassges  more  than  they  ex- 
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pand  when  the  brush  takes  place.  When  this  happens  the  final  scparntlon 
of  the  two  stars  h  imminent,  aud  a  uew  double  star  is  on  the  point  of  being 
permanently  added  to  the  sky. 

The  astonishing  appearances  witnessed  last  year  in  T  Coronse  seem  to 
receive  an  easy  explanation  upon  this  hypothesis.  They  are  exactly  what 
we  shonld  expect  upon  the  occurrence  of  one  of  the  last  perihelion  passages 
that  take  placi-  before  two  stars  which  are  in  the  state  of  transition  into  a 
double  star  finally  separate.  The  outer  parts  of  the  atniusphcres  becoming 
engaged  would  raise  to  iiicniulegcence  the  region  in  which  hydrocren  only 
is  found,  tlnis  traiisfonniug  what  had  previously  been  its  four  dark  lines 
into  intensely  bright  hues.  At  the  same  time  the  strata  that  lie  further 
down  would  be  very  -cnsibly  heated,  tliouLjh  not  to  incandescence — quite 
enough,  however,  to  lesaeu  teiiipoiariiy  in  a  very  material  degree  the  extent 
to  which  they  at  other  times  subdue  tlie  light  of  the  photospheres.  This 
extent  would  of  necessity  have  been  very  great,  inasmuch  as  the  enormous 
dilatation  of  the  atmospheres  must  greatly  enfeeble  the  force  of  gravity  upon 
the  outer  strata  of  both  stars. 

Again,  it  follows  as  a  consequence  of  this  hypothesis  that  the  circum- 
stances which  most  favour  the  formation  of  a  double  star  are  when  the  two 
bodies  tiint  come  into  collision  are  of  nearly  equal  mass.  Such  cases  must 
be  rare ;  but  when  they  do  occur,  there  is  a  very  high  ]>robability  that  the 
issue  will  he  a  iloubh?  star.  This  appears  to  account  i\)v  the  fact  that  a 
very  remarkabh'  proportion  of  double  stars  have  constiLucntii  of  nearly  the 
same  magnitude. 

Another  consequence  is  that  when  the  stars  arc  very  unequal,  the  com- 
panion will;  as  it  plunges  over  aud  over  again  through  the  atmosphere  of 
the  primary,  be  gradually  dcjtrived  of  several  of  its  lighter  gases;  so  that 
when  it  tiually  gets  clear  it  will  not  emit  the  principal  spectral  lines  of  a 
solitary  star,  but  others  whi(  ii  euiuuatc  from  denser  gases.  This  probably 
Eccovnitd  lor  the  blue,  violet,  aud  green  colours  which  are  found  in  the  mi- 
iiutc  companions  of  double  stars. 

Another  consequence  is  that  the  orbits  of  double  stars  will  almost  always 
have  a  considerable  elUpticity. 

Another  consequence  is  that  the  conditions  are  likely  not  unfrequently 
to  arise  which  would  separate  the  companion  into  two  or  more  fragtwmtfl  ; 
and  that  when  this  happens,  the  separate  pieces  will  pursue  pathi  wbich 
are  distinct  from  one  another  and  not  far  apart.  This  seems  to  aeooont  for 
sach  systems  as  y  Andromedse. 

When  the  same  conditions  act  with  unusual  violence  they  would  pro- 
bably break  up  the  companion  into  numerous  fragments ;  and  it  is  remark- 
able that  they  would  at  the  same  time  be  likely  to  ctuse  the  primary  to 
throw  off  a  number  of  rings.  The  fragments  and  the  rings  would  move  all 
in  the  same  direction  and  nearly  in  the  same  plane,  and  each  fragment 
would  rotate  rapidly  in  the  direction  in  which  it  revolves  in  its  orbit. 
When  the  fragments,  ss  must  generally  happen,  are  of  incoostderabie  mass 
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their  oiliits  would  be  almost  certain  to  degrade  from  ellipses  ialu  circlet 
before  they  got  quite  clear  of  the  primary.  Some  would  probably  be  found, 
when  this  happens,  at  the  distance  of  the  rings,  otiieri  within  the  surface  of 
tfii^  jirimary,  none  beyond  both.  Those  within  the  surface  of  the  primary 
would  fail  into  him  and  be  lost.  But  one  that  lay  withui  a  ring  would 
gather  by  its  attractiou  tlie  ring  round  itself,  and  so  become  covered  with 
an  immense  atmosphere  with  which  it  would  continue  to  rotate  while  ad- 
vancing in  its  circular  orbit.  If  this  rotation  were,  sufficiently  swift,  the 
new  planet  would  throw  off  rings  wliich  might  afterwards  condense  into 
satellites,  with  this  peculiarity,  that  they  would  always  keep  the  same  face 
turned  towards  the  planet,  and  revolve  round  it  in  the  same  direction  and 
nearly  in  the  same  j)laiic  in  which  the  planet  revolves  round  its  sun. 

The  speculative  element  m  this  hypothesis  is  so  coiisiderable  that  per- 
haps we  may  not  prudently  yield  to  it  a  probability  iiiglter  than  1.  But 
an  hypothesis  which  carries  uj)  so  many  of  the  main  ])hcnomcna  of  nnture 
to  a  single  source,  and  which  only  a>ksus  to  admit  what  is  not  antecedently 
improi)able,  that  the  number  of  incaudescent  stnrs  is  but  a  small  proportion 
of  ail  that  exists  seems  uerertheless  to  deserve  to  be  stated. 

VI.  ''Kesearches  on  the  Hydrocarbons  of  the  Series  C^H'"'*^^— 
No.  III.''   By  C.  Scroblvmmbh.   Gommttnicatecl  by  Prof.  Q* 

G.  Stokes^  Sec.  R.S.    Received  May  15,  1867. 

1.  Di-Tsopropylf  Q^\{^^. 
Iodide  of  isopropyl  is  not  ]>crceptibly  acted  upon  by  sodium  even  if  the 
liquid  is  heated  to  the  boiling-point;  but  if  anhydrous  ether  perfectly 
free  from  alcohol  is  added,  a  reaction  mn  commences  without  appli- 
cation of  external  heat ;  the  liquid  becomes  warm,  and  the  iodide  is  decom- 
posed with  formation  of  iodide  of  sodium.   The  chief  products  of  this 
reaction  are,  (1)  propylene,  from  which  bromide  of  propylene  wai  ob- 
tained by  passing  the  gases  which  are  evolved  through  bromine ;  (2)  i 
gaseous  hydrocarbon,  which  is  not  absorbed  by  bromine  and  which  buriiS 
with  a  luminous  flame,  probably  consbting  of  hydride  of  propyl ;  and  (3) 
a  liquid  hydrocarbon,  which,  accorduig  to  its  composition  And  mode  of  ibr> 
mation,  must  be  considered  as  di-isopropyl.    By  the  following  method  I 
bbtained  the  largest  yield  of  this  liquid.    A  flask  holding  about  250  cub. 
centims.  was  half  filled  w  ith  iodide  of  bopropyl  (which  had  been  jjrepared 
by  acting        hydroiodic  acid  upon  glycerin) ;  an  equivalent  quantity  of 
sodium  cut  into  thin  ])ieccs  was  added,  upon  this  d  layer  of  pure  ether  wM 
poured,  and  the  flask  (piickly  connected  with  the  lower  end  of  a  Liebig's 
condenser.    Where  the  two  liquids  meet,  a  brisk  reaction  soon  sets  in  ;  the 
escaping  gases  rnrry  (jfT  a  large  quantity  of  the  liquid,  chiefly  of  the  more 
Volatile  ether,  and  it  is  therefore  necessary  to  keep  the  condenser  as  cold  ai 
possible.    The  reaction  goes  on  generally  quietly  until  the  greatest  portion 
of  the  iodide  is  decomposed ;  if  it  gtops  after  a  short  time,  gentle  heat  has 
to  be  applied  as  long  as  gas  is  etolred.   After  the  re^tion  is  over,  the 
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flwk  is  hetted  in  ah  ml-lwtb,  and  the  liquid  contents  ire  diaHUed  off.  I^e 
difttillilto  !•  ffaetimiated  aereial  timesp  and  the  poHioii  boilmg  between  5Qf 
and  70^  C.  coHeeted  ae]Murately .  This  conaiats  diiefy  of  di^iaoptopyl,  but 
also  eontaina  ether,  nndecomposed  iodide  of  iaopropyl,  and  naj'i&ao  con- 
tain diaUyl  if  the  iodide  was  not  quite  pure.  In  order  to  remore  theae  ad- 
nixtniea,  the  liquid  is  repeatedly  shaken  with  concentrated  sniphnrie  add 
as  long  as  heat  is  etolTed,  then  rectified,  and  the  distillate  treated  with  a 
mixture  of  strong  nitric  and  sulphuric  acid  as  long  as  iodine  separates^  theik 
#ashed,  dried,  and  rectified  oTcr  potassium. 

Bi-isopropyl  is  a  ooloorleis  mobile  liquid,  the  odour  of  which  cannot  be 
distinguished  from  that  of  hydride  of  hexyl,  and  which  boib  constantly  at 
58^  C.  The  spetnfic  gravity  was  found  to  be 

at  10*  C.=0*6769, 
at  17^<5  C.sO-6701, 
at  29^  C.»0'6596. 

Tlio  analysis  gave  the  following  numbers : — 

0*2390  of  substance  jieldetl  0*7315  of  carbonic  acid  and  0*3525  ofwaler, 

CiilculatetL  Fuuiul. 

C„   72       83-72  83*y 

Hjj  ....     14  \G"2S 

bG      lOUUO'  99-9 

fCH 

Tbe  formula  for  i$opro]>vl  now  generally  accepted  is  <  CH ,  ami  the 

constitatton  df  di-isopfopyt  may  thcreforo  be  ezpresdcd  by  the  following 

II 
CII 

CH 

CH,' 
CH, 

This  hydrocarbon  can  be  considered  as  hydride  of  ethyl,  in  whieh  4 
atoms  of  hydrogen  haTC  been  replaced  by  methyl  and  might  be  called,  by 
accepting  the  nomenclature  for  hydrocarbons  proposed  by  Hofmaiui*^ 
tetramethyl-ethan. 

Chlorine  attacks  this  hydrocarbon  very  easily  in  the  cold,  and  if  the 
action  is  stopped  before  the  whole  has  been  acted  upon,  the  principal  sub- 
stitution-product consists  of  the  chloride  C,  H^,  €1,  a  colourless  liquid  which 
boHs  constantly  at  1 27^  €.,  and  yery  closely  reaembles  its  isomer,  chloride  of 
hexyi,  the  boiling-point  of  which  is  125^  C.  according  to  a  determination 
ipade  with  the  same  thermometer.   The  specific  gravity  of  this  chloride  is 

at  14^  C.  ==  0  8943, 
at  22°  C.  =  0-8874, 
at  34°  C.  =  0*8759. 

*  Proc  Boy.  3oo.  rot  xr.  p.  57. 
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.  The  following  data  give  the  results  of  the  analysis  : — 

0*3780  of  aubstMice  gm  0*4505  of  chloride  of  sUver  and  0*0023  of  me« 
tiiUic  «lTer. 

CUoukted  for    Hi,  CI.  Founcl. 
29'46  per  cent.  CI.  29*7  per  enit.  CI. 

If  iodine  10  present,  the  eetion  of  tbe  chlorine  ii  quite  different  No 
trace  of  a  monochloride  is  formed ;  the  chief  produet  consists  of  hieUori- 
nated  di*isopropyl,  €,  H^,  Cl^,  a  solid  suhstance,  besides  a  smaller  quantitj 
of  highhoiling  prodactSt  which  are  very  rich  in  chlorine*  From  those  the 
solid  chloride  may  he  easily  separated  either  by  distillation  with  water*  the 
steam  carrying  the  solid  snbstance  vefy  easily  over*  or  by  cooling  the  mix* 
tore  of  the  substitntion-prodttcts  and  pressing  the  crystals  which  separate 
between  blotting-paper.  This  compound  forms  white  crystals  which  smdl 
strongly  of  camphor,  and,  exposed  to  the  air,  soon  Tolatilize  at  the  com- 
mon temperature ;  heated  in  an  open  tube  they  sublime  below  their  fusing- 
point;  in  a  closed  tube  they  melt  at  about  160^. 

The  analysis  ga?e  the  following  results 

(1)  0  2781  of  subbLuuce  gave  0-479o  of  carbouic  acid  and  0*2030  of 
water. 

(2)  0-1011  of  substance  gave  0*1846  of  chloride  of  silver  and  0*0015 
of  metallic  silver. 

(3)  0  1 756  of  substance  gave  0*3136  of  chloride  of  silver  and  0  0036  of 
metallic  silver. 

(4)  0*1680  of  substance  gave  0*3040  of  chloride  of  silver  and  0*0103  of 
metallic  silrer. 

(5)  0*1415  of  substance  gave  0*2515  of  chloride  of  silver  and  0*097  of 
metsJHc  ailm* 

Found. 


Cblookled. 


(1)  (2)        (S)         (4)  (6) 


C,  ■  .  72  46*45  46*81 
H„   .    12        7-74  8-11 

CI,    •  ^       45-81  45*7       44-9      46*6  46*2 

155  100*00 

The  lugber  chlorinated  products  boil  under  decomposition  between 
SOO^and  300^;  the  quantity  which  I  obtained  was  too  small  to  attempt  to 
separate  them  into  definite  products 

Di^propyl  is  sbwly  oxidised  if  ft  Is  heated  with  a  concentrated  lohi- 
tion  of  dichromate  of  potassium  and  snlphnrie  acid,  a  large  quantity  of 
carbonic  acid  being  evolved.  In  order  to  oddiie  10  grammes  of  the  hy- 
drocarbon It  took  a  week ;  the  liquid  was  distilled  off  every  day,  and  the 
slightly  add  distillate  Beutralised  with  carbonate  of  aodium,  and  thus  a 
sodiiun-salt  was  obtained  which  on  recrystallitation  gave  a  crop  of  crystals* 
whose  haliitus  and  reactioni  were  fbund  to  coincide  with  acetate  of  sodium. 


Digitized  by  Google 


1867.]  of  the  Series  O  H*»+»  87 

The  small  quantity  of  mother-liquor  from  these  crystals  was  predpitated 
with  nitrate  of  silrer,  and  the  precipitate  crystalliied  from  boiling  water. 

0*2120  of  .thia  silver-salt  gave  0*1374  of  silver,  or  64*72  per  cent. ;  ace- 
tate of  silver  contains  64*67  per  cent,  of  silver. 

Bj  oxidinng  di-isopropyl  with  chromic  add  the  onljr  piodacts  formed 
are  therefore  carbonic  acid  and  acetic  acid. 

This  hydrocarbon  waa  obtained  bj  acting  with  aodinm  and  ether  npon  a 
nixtafe  of  iodide  of  isopropjl  and  iodide  of  amyl.  The  reaction  sets  in 
without  applying  heat,  and  is  rather  violent  in  the  b^pnning*  and  it  ia 
therefore  neoessary  to  Iceep  the  flask  first  tmmorsed  in  cold  water;  but  to 
eomplele  the  decomposition  the  miitnre  has  to  be  heated.  "When  all  the 
sodium  has  disappearedt  the  contents  of  the  flask  are  distilled  from  an  oil- 
bath,  and  the  distillate  is  heated  with  sodium  as  long  as  iodide  of  sodium 
is  formed.  Ether  and  non-attacked  iodides  are  then  removed  by  treating 
the  liquid  with  strong  adds  as  described  above,  and  tbim  a  mixture  <tf  di« 
isopropy],  amyUisopropyl,  and  di«amyl  is  obtained,  from  which  these  hydro- 
carbons can  easily  be  separated  by  fractional  distillations. 

AmyMsopropyl  is  a  colourless  liquid  boiling  at  109**-!  10^;  its  specific 
'  gravity  was  found 

at  16°-5  C.  =  0  C980, 
at  49**    C.  «  0-6/12. 
Tlie  results  of  the  analysis  are,^ 

0  2040  of  substance  gave  0*628o  of  dttbonic  acid  and  0  2900  of  water. 


Gakniiitcd. 

Found. 

.    .   06       84  2 

84*0 

H„  .  . 

.    .    18  15-8 

16*1 

114  1000 

100*1 

The  eowtitntioii  of  thia  bjdracnboii  can  be  exprcMCtl  bjr  the  fotmnk 

f  = 

C  '  ^g'  ,  and  it  might  therefore  be  called  diaatlivl-amyl-methan.  Its 

boiling-point  and  its  specific  gravity  coinciile  pcrt'ectly  well  with  those  of 
dibatyl,  which  according  to  Kopp  boils  at  109^  and  has  at  \CP-  \  th(*  spe- 
cific gravity  0*7001  *.  I  believe  thnt  fhe?c  twn  hrrlrocnrbons  are  identical  ; 
for  Erlenmeyer  stated  a  short  time  ago  in  a  ]n  ( liminai  v  ntite,  that  he 
has  found  that  the  butyl-alcohol  formed  hx  fermeiUation  is  nunliyl-alcohol, 
in  which  one  atom  of  hydrogen  in  the  methyl  is  replaced  by  isopropyl, 
and  that  fermentation  amyl-alcohol  is  ethylnlcoliol,  in  which  also  one 
atom  of  hydrogen  in  the  mrthyl  group  i^  rcplacrd  h\  i^iO{)ropyl+.  If  this 
A  lew  is  correct,  nmyl-isopropyl  must  be  identical  with  dibutyl,  as  t^ie  follow- 
ing fonuulse  clearly  show : — 

*  Ann.  der  Chcm.  und  Pharm.  vol.  xcv.  p.  330. 

t  Zeitschrift  fiir  Chem.  N.  F.  toL  iii.  p.  U7. 
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Amjl .  . 


Chlorine  convei  Ls  ainvl-iiopropyl  easily  into  the  chloride  C  H..  CI,  a 
coiuurlcss  liquid  which  boils  at  Ki.';^,  and  smells  faintly  of  Qftti^e^^  as 
u  itfl  Uooaer,  phiorifie  of  octjl.    Its  specific  gravity  is 

at  l0°-5  =  0-8834, 

at  36°    =  0-80 17. 

0*2480  of  this  chloride  yielded  0*2380  of  chloride  of  lilvcr  and  0'OOIS 
of  metallic  silver. 

OaMaled  for  C  J{  „C1.  Found. 
23*90  per  cent.  Gl.  23*9  per  cent.  CI. 

When  chlorine  acts  upon  amyl-isopropyl,  a  mixture  of  chlorine  substitu- 
tion-products is  formed,  from  which  1  did  not  succeed  in  obtaining  definite 
compounds.  On  repeated  fractional  distillation  the  Inrgest  portion  passes 
over  between  170°  and  180°  as  a^-uloinless  htpiid  ::UKlUng  of  orangi?9. 

0"2815  of  tliis  .substance  gave  on  analysis  ()"277-  of  chloride  of  silver, 
whicli  corresponds  to  J  l  ./O  per  wni.  of  chlorine.  Tins  liquid  appears 
therefore  to  be  u  iiuxtuie  of  isomeric  chlorides  of  the  forinuhi  C^  11,.  CI. 

A  solution  of  chromic  acid  attacks  amyl-isopropyl  very  slowly  ;  the  only 
oxidation-products  which  arc  formed  are  carbonic  acid  aiiJ  acetic  acid,  from 
which  latter  the  sodium-salt  was  pre]>arcd,  and  this  was  converted  into  the 
silver-snlt. 

01985  of  this  silver-salt  contained  0-1291  of  silver,  or  (ii'O  per  cent., 
whilst  acetateof  silver  contained  C  l-tiT  |ier  cent. 

From  the  commencement  of  my  researches  on  tlie  hydrocarbons  of  this 
series  I  have  tried  to  olt.ua  definite  and  characteristic  oxidation-piuducts  ; 
but  the  results  of  these  experiments  are  as  yet  but  very  incom})lete.  I 
have  chiefly  studied  the  action  of  oxidi.iing  agents  upon  hydride  of  hcwl. 
This  hydrocailiua  is  acLcd  upon  by  a  concentrated  solution  of  chromic 
acid  in  the  same  manner  as  the  two  hydrocarbons  described  above  ;  the  only 
products  Ibrmed  are  carbonic  acid  and  acetic  acid.  A  mixture  of  manganic 
peroxide  and  sulphuric  acid,  as  well  as  a  solution  of  {u-rmnnganic  acid,  give 
only  carbonic  acid.  Nitric  acid  al^o  forms  carbonic  acid  bv  boilinj;  it  or 
heating  it  in  sealed  tubes  with  hydride  of  hexyl ;  besides,  a  small  quantity  of 
a  solid  acid,  rery  likely  belouging  to  t)i^  9saUc-acid  iefieS|  is  produced.  I 
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have  not  yet  obtained  this  body  in  sufficient  quantity,  as  it  is  only  very 
slowly  foriiK  il.  i  hope,  however,  to  find  a  method  to  produce  it  in  larger 
quaniittes,  and  al^o  to  obtaia  characteristic  oxidation-products  of  th^  ()if«* 
fer^ut  hjdrocftrbous. 

YU.  Beaeaiehei  into  tli^  Gbemical  Conttitutioo  of  Narcotine  and  of 
ito  Products  of  Decompoiition'.^' — ^Port  II.  By  A.  MATTBiitssN^ 
F«RJ.,  and  0.  C.  VoavBii,  B.A.   Reeeired  May  23,  1867. 

^Abstract.) 

In  tliig  men) oir  the  fol)owmg  reaetiooe  have  been  Btodied 

'l.       AeHoH  of  Hydneklarie  and  Hfdriodie  Acid$  an  OpUtnie  Aeid, 

AVIien  strong  hydrochloric  or  hydriodic  acid  acts  at  100°  for  some  time 
on  opianic  acidj  iodide  or  chloiide  oi  iixctiiyl  iii  evolved  aud  u  uew  acid 
formed, 

c^oH,  A+ pci= c„ii  A + cn,a. 

Wa  propose  to  oall  tin*  aaid  methyl  nor-opianic  acid*  as  it  staiuU  intcr- 
nudiata  hetvaeo  opianic  add  and  the  normal  opiaoic  acid  x — 

Normal  opianic  acid   C^H^O, 

Methyl  nor-opianic  acid   C^II^Oj 

Opianic  acid  or  dimethyl  nor-opianic  acid, .  Cj  li,„0, 
The  new  acid  is  soluble  in  cold  water,  but  much  more  so  in  liot,  from 
which  it  cry.~fidll/e?  on  cooling  with  2\  mulct  uKs  of  water.  Like  hypo- 
gallic  acid  it  strikes  a  dark  blue  with  sesquiclilm  i  le  of  iron ;  but  on  addi- 
tion of  ammonia  in  excess,  a  light-red  solution  is  ju  oduccd,  ditteriug,  there- 
fore, iVom  the  hypogallic-acid  blue,  with  which  auuiiouiii  becomes  blood- 
red.  From  the  analysis  of  the  silver>salt  it  appears  that  methyl  uor- 
opianic  acid  ii  monobasic. 

%,  Tht  AeHan  of  Hydroehlorie  and  Hydriodic  Acidt  on  Meeanin, 
When  mecpnin  is  heated  with  strong  hydrodbloric  or  hydriodic  adds  at 
100^  for  some  time*  it  is  split  up  into  chloride  or  iodide  of  methyl  and  an 
add  of  (ha  composition  Cfifi^*  The  reaction  is 

0,^1  A+ Ha«C,H,04+ CH,C1. 
This  nev  add  we  may  call  methyl  nor-m^eonie  acid,  as  it  stands  between 
meconm  and  normal  maoonin : — 

Ibooom   C..H„0, 

Methyl  nor-mfcomu  or  methyl  nor-meconic  acid. 

Normal  meoonin   H, 

Methyl  nor-meconic  add  is  soluble  in  cold,  but  much  more  so  in  hot 
waters  it  is  eanly  soluble  in  alcohol,  and  elightly  so  in  ether.  It  reduces 
adntiont  of  silTer-salta  in  the  cold,  and  behares  with  sesqnichloride  of  iron 
exactly  like  methyl  nor-opianic  add.  From  the  analysis  of  the  barium- 
salt,  methyl  nor-meoonio  acid  is  monobasio. 
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3«  The  dction  of  Hydrvchhric  nntf  Hydriodic  Acids  on 

Hemipinic  Acid, 

The  action  of  hydriodic  acid  on  hemipinic  acid  has  been  already  described 
in  our  former  communication.  The  reaction  which  takes  place  was  foimd 

^  C„HjoO«-f2HI=CO,+2CH3l+C,H.O,, 
The  body  C,H(,0^  we  called  hypogallic  acid. 

It  was  also  mentioned  that  when  hydrochloric  acid  acts  on  hemipinic 
acid  the  following  reaction  takes  place : — 

C,,H,oO,+Ha=CO,+CH3Cl+qsH,0,. 

The  formula  QsHsO^  has  been  confirmed  by  farther  analyses*  and  horn 
the  analysis  of  its  silver-salt  we  haye  shown  it  to  be  a  monobane  add. 
This  acid  may  be  called  methyl-hypogallic  acid,  as  it  contains  one  molecule 
of  methyl  more  than  the  hypogallic  acid,  and  may  be  converted  into  that 
add  by  the  prolonged  action  of  hydrochloric  add  on  it. 

4.  'Whilst  experimenting  with  hemipinic  add  we  Ibund  that  this  add 
may  crystallise  in  different  forms.  The  crystals  were  found  to  cootam  dif- 
ferent amonnts  of  water ;  thus  when  it  crystaliiws  from  a  dilute  soludon 
by  ppontaneoua  evaporation,  the  crystals  contain  half  a  molecule  of  water ; 
when  from  a  supersaturated  solution,  they  contun  one  molecule  s  and  lastly, 
when  crystallized  in  the  ordinary  way  by  cooling  a  hot  solation«  tbcy  eon- 
tain  two  and  a  half  molecules. 

From  the  experiments  here,  as  wdl  as  those  in  our  former  paper,  it  ap- 
pears that  the  following  compounds  derived  from  opianic  add  will  be  found 
to  exist ! — 


Pimcthyl  aor-meooiun 
(ordiiiBiy  meoonin). 

Methyl  nor-mecimin. 

CJI  O, 


Dimethyl  nor-opianie 
(ordinary  opiaiiic  add). 

Mettiyl  nor-opianio  add. 


c..u„o, 

J>iniethylBor-liemi]^ieaoid 
(ordinaiy  heaaipinie  acid). 


CJIA 


ll^or-opianic  add, 

CH,0. 
C,H,0, 


Methyl  nor-lieniq>inio  i 
Kor-hemipinic  acid. 
McUiyl  hjpogallic  acicL 
Hyp<^allic  odd. 

Of  the  above,  the  following  have  been  prepared ^ 

^'  ^io^^iqQ*'  ^io^^ioQq  V      action  of  potash  on  opianic  acid;  thus 

2C,  Tr^  ,o  -c,  Ti,  ,o,+c,,n„o,. 

2.  0,11,0,  by  the  action  of  hydrochloric  and  hydriodic  acids  on  meoo. 
nin;  thus, 

C„H,„  +  Iir=C,H«0,  +  CHJ. 

3.  C,H,0^  by  the  action  of  hydrochloric  or  hydriodic  adds  on  opianic 
acid;  thus, 

C,oH.A+H  I-C.H,0,+C  H,I. 
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4.  CgHgO^  by  the  aetaon  of  hydrochloric  on  hemipinie  add  i  thua, 

C,,H3,0„+HC1-C,HA+C  H3CI. 

5.  C,H,0^  bj  the  action  of  hydriodic  acid  on  hemipinie  acid ;  thus, 

■  C,,H,,0,-^2HI  =  aH,0,  +  CO,  +  2CHJ. 

In  the  second  pnrt  of  the  paper  the  properties  ami  the  preparation  of  a 
new  base  prepared  from  narcotinc  are  dcicrihtd.  When  narcotine  is  heated 
for  from  six  to  eight  days  with  stroiii;  hydrociiloric  ncid  nt  100^  two  mole- 
cules ot  chloride  of  methyl  are  given  oi),  and  the  chloride  of  the  new  base 
formed.   The  reaction  which  takes  place  is 

C^H^N  0,+2HCl=C„H„N  0,+  2C  H,CL 
This  base  we  have  called  methyl-nor-nareotine ;  it  forms  an  almost  white 
amorphous  powder  insoluble  in  water  and  ether,  slightly  soluble  in  alcohol ; 
it  is  easily  solnble  in  carbonate  of  sodium,  by  which  means  it  may  be  sepa- 
rated from  narcotine.  None  of  its  salts  form  crystalline  compounds  (the 
chloride^  sulphate,  and  nitrate  have  been  made).  In  the  paper  of  which 
this  is  an  abstract,  mention  Is  made  of  two  other  new  bases  derived  from 
narcotine  s  these  have  not  as  yet  been  described.  They  are  the  dimethyl 
and  nor-narcotines,  the  first  being  the  product  of  the  action  of  hydrochloric 
add  for  a  short  time  on  narcotine,  and  the  latter  the  product  of  the  action 
of  strong  hydriodic  acid  on  narcotine.  The  reactions  may  be  written 
C„H„N  0,+HCl«CrtH,iN  0,+CH,Cl 

and 

a  H,,N  0,+3H  I=C  .H„N  0,+3CH,I. 
There  exist,  therefore,  fonr  narcotincs  : — 

1.  Ordinaxy  narcotine,  or  frimcthyl  nor-nnrcotTne,  Cj^H^jN  O,. 

2.  M  M  dimethyl  nor-narcotine,  C^iH^jN  0-. 
3«  n  n  methyl  ncr  iiarcotine,  Cj^Hj  ,N  O,. 
4.  nor-narcotine,  C,,Hj-N  0,. 

The  descriptions  and  properties  of  the  first* mentioned  new  bases  will 
form  the  subject  of  a  future  commanication. 

VIIL  "  On  the  Chemical  Intensity  of  Total  Daylight  at  Kew  and 
Para  in  ]8()5-(}7."  By  Henry  E.  Boscoe,  F.R.S.  Beceived 
May  14,  1867. 

(Abstract.) 

This  communication  contains  the  results  of  a  rriqdar  series  of  mea- 
surements of  the  chemical  action  of  daylight,  carried  out  at  the  Kew 
Observatory,  through  the  kindness  of  Dr.  Balfour  Stewart,  according  to 
the  mctiiod  described  by  the  author  in  tiie  Philosophical  Transactions 
for  18C)i,  p.  605.  Tlie  ohscrvations  extend  over  a  period  of  two  years, 
from  April  1.  l!^n.5  to  IVTnrch  'M,  1807.  The  second  part  of  the  com- 
munication giV( •^  the  results  of  observations  upon  the  Intensity  of  the 
Chemical  action  of  Sunlight  under  the  Equator,  made  at  Para  in  lati- 
tude I''  28'  S.  during  the  month  of  April  1866. 
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I.  Kew  GbtemaHont. 

Tlio  Kew  meafureinciita  do  not  i)rolVs3  to  exhibit  the  changes  in 
chemical  intensity  which  occur  tVom  hour  to  hour,  but  they  give,  with 
accuracy,  the  mean  monihly  chemical  intensity,  showing  the  rise  and 
fall  with  the  changin<»  seasons  of  tlie  year,  and  tliey  enable  us  to  deduce 
the  mean  monthly  and  yearly  chemical  intensities  at  Kew  for  1865-67. 

Tables  showinjjr  tlie  daily  mean  chemical  intensity  obtained  from  the 
daily  observations,  according  to  the  method  described  ill  the  above-men- 
tioned paper,  are  giyen.  The  first  result  which  these  observations  yield 
is  that  the  mean  chemical  intensity  for  hours  equidistant  from  noon  is 
constant ;  that  is,  the  mean  chemical  intensilics  are  equal  for  equal  alti- 
tudes of  the  sun ;  thus  the  mean  of  all  the  observations  made  about 
0^  30"*  A.y.  corresponds  wit|^  the  memi  inteusity  at  2''  30""  p.h< 

Me&n  of  Times  '  Mmui  Cbenu 

of  Obaervation.  Intaaas^. 

I^eafi  osf  529  Afternoon  Qbservatioug'           9*  41*  0*105 

in  1865-67.  '  • 

Heaa  pf  552  Morning  Obsonrations '          nb  07a.  a.ia? 

1111865-67.  r  ^  ^' 

Hence  the  author  concludes  that  when  tlie  disturbing  causes  of  vaiia- 
tion  in  amount  of  cloud,  i^c.  are  fully  eliminated  by  a  sutiicicnt  number 
of  observations,  the  daily  maximum  of  chemical  intensity  corresponds  to 
the  maximum  of  suu'h  aliiiudc.  Tlic  author  then  sliows  fi'Oin  measure- 
ments made  at  varying  altitudes  of  the  sun  at  Heidelberg  and  Para, 
that  the  relation  between  suu'§  aliitudo  and  chemical  inteiisity  maj  be 
represented  b^'  the  equation 

CltmtQl^-^  eonst.a, 

where  GI«  vepreaenis  the  chemical  intensiiy  at  a  given  altitude  (a)  in 
dreohu*  meagnre,  CIo  the  chemical  intensity  at  the  altitude  0,  and 
const,  (a)  a  number  to  be  calcolated  from  the  obserrationt. 
•  The  agreement  of  the  chemical  intensities  as  found  at  Heidelberg 
vith  the  calcuLited  results  is  qeen  in  the  fjoUowing  Table : — 

Altitude.  Cbemical  lutensil^. 

o    I  EcNind.  CSilcoIated. 

7  15  0-060  0050 

24  48  0-200  0-196 

84  84  0-808  0-276 

58  87  0-487  :.  .0-485 

62  80  0-518  0-606 

A  similiu'  relation  is  found  to  hold  good  for  the  Para  observaLionf. 
Assuming  the  same  relation  to  exist  at  Kew  aa  at  Heidelberg  and  Pari, 
thp  values  of  the  mean  monthly  intensity  at  noon  have  been  calcuUjled 
from  the  observations  at  2.30  and  4.30  p.m.,  and  the  mean  njontbly  in- 
tegrals of  chemical  intensity  for  each  i)i9utbj  frp|i|  April  ^^^^  ^  Marcif 
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1867  inclusive,  have  been  obtained.  Curves  exhibit Iii^^'  the  daily  rise 
and  fall  for  each  of  tte  twontT-four  mouths,  as  well  as  a  curve  showing  the 
biennial  Tariation  of  chemical  mtensity  for  the  same  period,  accompanj^ 
the  paper.  The  curve  of  yearly  chemical  intcnBity  is  found  to  be  un- 
Bjminetrical  about  the  venial  and  autumnal  equino^eo  j  thus  in  spring 
and  autumn  the  results  are  a«  follows ; — 

1865-n7.  MewiCh.  Int.         ISm.  MeMi  Ch.  Tnt 

March  1867    30  5  March   34-5 

April  1865    97  S  April  52-4 

September  18G5   107'8  September  701 

August  1865  ............  88*9  August.'.!  94-5 

Or  for  1U>J  chemically  active  rays  falling  during  the  months  of  INFarch 
and  April  IbG-j,  18GG,  and  1807  at  Kew  there  fell  in  the  corresponding 
autumnal  months  167  rays,  the  sun's  mean  altitude  being  the  same. 

The  author  discusses  the  probable  causes  of  this  autumnal  maximum ; 
he  finds  that  it  is  not  due  to  variation  in  the  amount  of  cloud,  and  be- 
lieyec  that  it  ig  to  be  explained  by  a  leas  anount  of  atmospherio  ^lalea- 
eenoe  in  the  ftutmuii  than  In  the  spring. 

The  yearly  inlngnl  fi>r  the  twdve  iiiontli8»  Jimnaiy  to  Harcli  1867 
and  Apnl  to  Peoembep  1865,  is  55*7,  whereasj^thftt  for  ijifi  twelye  s^ontbs 
of  the  jMt  1866  is  54*7. 

n.  Ford  ObimiHtiunu, 

All  the  knowledge  we  possess  concerning  the  distribution  and  in- 
tensity  of  the  chemically  active  rays  in  the  tropics  is  derived  from  the 
vague  statements  of  photographers.  According  to  their  observations  it 
appears  tbat  the  diffieul^  of  obtaining  a  good  pbotpgcapb  incites  as 
ve  j^pproach  the  equator;  and  more  tinie  is  said  to  be  needed  to  p^o- 
duoe  tbe  ^(ame  effeet  upon  a  sensitive  plate  under  the  full  blas^  of  a 
tropical  snn  than  ia  required  in  the  gloomier  atmospberp  of  London. 
Thus  in  ICezico,  vbere  the  light  is  very  intense,  firom  twenty  ipinntes 
to  half  an  hour  is  stated  to  be  required  to  produce  pbotogiapbic  offe^sts 
which  in  Engbind  oeenpy  but  a  minute.  Hence  the  existencfO  of  a 
peooliar  retarding  influraee  bas  been  suggested  which  tbe  beating  and 
Inminpna  rays  ftre  supposed  to  exert  upon  tbe  i|ioeo  refimngible  portions 
of  tiie  apaetnun*  The  faUacy  of  these  statemepts  bas  been  ft|lly  prored 
by  a  saries  of  direct  measurements  of  the  cfiemical  intensity  of  sunligb|r 
under  the  equator,  made  at  Pari  by  Mr.  T.  E.  Thorpe.  Thie  curves  of 
daily  cbemieal  intensity  given  in  the  paper  sbov  that  the  activity  of  the 
cbemieal  rajs  in  tbe  tropics  is  veiy  much  greater — on  one  day  fifty-five 
times  aa  great,  aa  in  our  Utitudes ;  and  these  measurements  prove  that 
tbe  reported  failures  of  photographers  cannot  at  any  rate  be  ascribed 
to  a  diminution  in  tbe  chemical  intensity  of  sunlight.  The  following 
numbera  give  some  of  tbe  daily  mean  chemical  intensities  at  Pari  com- 
pared with  the  same  days  in  Kew : — 
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Dail^  Mcaii  Chemical  Intensitj. 


xiauv* 

April  6 

28*6 

242-0 

8*46 

»  7  

.,  ,.  77 

801-0 

89-09 

0  

5-9 

826*4 

55-25 

„  11  

25-4 

233-2 

9-18 

„  20  

38-9 

3850 

9*90 

„  24  

83G 

362-7 

4-34 

The  meastiTCmrnts  v.  i  ro  inarle  at  Prir'i  in  tlio  middle  of  the  raiuv  sea- 

* 

son,  ami  ai  vrry  i'requcnt  intervals  during  day  ;  the  curves  »liow  the 
enormous  aud  rapid  variation  in  intensity  fi  in  hour  to  hour  which  the 
chemically  active  rays  undergo  under  a  tropical  sun  during  the  rainy 
season. 

IX.  On  the  Elunination  of  Nitrogen  during  Beit  and  Ezeidae  on 
a  T^nlated  Diet  of  Nitrogen.'^  By  £•  A.  Fabxbb/M.D.,  F.B.S. 
Becetved  June  1, 1867. 

The  experiments  recorded  in  this  paper  arc  intended  to  complete  the 
inquiry  into  the  effect  <  t  r<  st  and  exercise  on  the  elimination  of  nitrogen 
recorded  in  the  Proeeediii^'a  of  the  E<3yRl  Society  (No.  89,  1867). 

The  experiments  were  made  on  two  yoldiers  at  I  lie  Koyal  Virtoria 
Hospital  at  Notley.  Ouo  of  them  (S.)  was  the  bubjeet  of  the  former 
experiments,  tlie  other  man  CTJ.)  was  a  fresh  man.  B.  is  a  perfectly 
healthy  temperate  man,  aged  22^  years,  5  feet  9;^  inches  in  height,  and 
weigh  incj  140  Ihs. 

Extreme  care  was  taken  to  ensure  the  greatest  accuracy  both  as  to 
food  and  as  to  the  colic  (  t ion  of  the  excreta.  The  whole  value  of  nneh 
experiments  an  these,  df  jituds  on  tlie  exactness  with  which  all  th«^  c>>ii- 
ditions  are  carried  out;  and  without  perfect  accuracy,  the  results  \\<n;1fl 
only  mislead.  I  have  every  eoiilulrnce  that  the  conditions  were  faith- 
fully observed ;  there  is  in  fact  evidence  of  this  from  the  experiments 
them  Bel  vcH. 

The  conrHp  of  the  experiment,^  was  precisely  the  name  aw  in  the  obser- 
vations recorded  in  the  last  paper,  except  thnt  the  diet  ^vas  diiriiiL,'  six-tern 
days  exactly  the  Pnme  on  enrh  day.  liuriiiL:  fonr  days  the  men  were  at 
their  ordinary  oinphtynient;  durui£^  two  days  rested;  returned  to  nrdiuarv 
work  for  four  days ;  took  very  acti^  r  rxpi'cise  for  two  days  j  and  were  then 
for  four  days  more  on  ordinary  occupation. 

They  took  each  day  the  same  amount  of  food»  viz. : — 
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Amount,  in 
ounoei  av. 

Total  nitroiren  in 
AftWh  >f4li<Tip  in 
Maifift'a. 

Bread   . 

16 

Meat  foooked^ 

ff  fk 
1  * 

la 

I 

•1 

6 

3 

I 

? 

Sal* 

20 

? 

ao 

? 

3  to9 

« 

302-59 
or  19-61  grammes. 

The  bread  was  made  always  in  the  same  way  ;  llic  meat  (steak)  was 
of  an  uniform  quality,  and  was  carefully  selected  every  day.  The  whole 
quantity  of  food  was  regularly  eaten  and  at  the  Bame  time.  The  only 
variation  was  that  the  potatoes  weighed  sometimes  12  or  12^,  and  some- 
times 18  oanceB  (which,  howeycr,  made  very  little  change  in  the  nitro* 
gen),  and  that  the  amount  of  water  drunk,  usually  5  ounces  at  dinner 
and  2  at  supper  (on  eleven  days),  was  ou  five  days  taken  in  less  quan* 
ti^.  No  alcoholic  liquid  was  taken,  and  there  was  no  smoking. 

This  quantity  of  ibod  was  just  sufficient  to  preserve  the  body  at  almost 
precisely  the  same  weight ;  the  men  were  in  perfect  health. 

During  the  sixteen  dbys  818*76  grammes  (viz.  10*81  x  16)  of  nitrogen 
were  known  to  be  taken  by  each  man  in  the  food.  The  following 
amoonts  were  recovered  from  the  urine  in  the  same  time. 

8   803'660  grammes,  or  18*97  grammes  daily. 

B          807*257  grammes,  or  19*2  grammes  daily. 

The  nitrogen  in  the  stools  (as  presently  noted)  quite  made  up  the 
difference  (10  and  6  grammes)  between  these  numbers  and  the  amount 
of  nitrogen  passing  in,  indeed  it  rather  exceeded  it  if  the  average  of 
three  days  can  be  applied  to  sixteen.  S.  passed  reguUvly  rather  more 
nitrogen  by  the  bowels  than  B.,  and  rather  less  by  the  urine. 

The  weight  of  the  body  at  the  beginning  and  end  was  nearly  the  same, 
and  it  is  therefore  certain  that  during  the  sixteen  days  no  nitrogen 
escaped  by  the  akin  or  longs,  but  that  all  passed  by  tiie  kidneys  and 
bowela. 

The  urine  was  collected  from  8  jlic  to  8  JuM .,  except  on  the  second 
days  of  rest  and  exerdse,  when  it  was  collected  from  8  a.m.  to  S  p.m., 
and  from  8  p.ic.  to  8  a.k.  The  nitrogen  was  determined  by  soda-lime, 

*  The  nitrogen  in  the  armi  and  crumb  of  bread  and  in  tho  meat  was  dstenniiMd 
snos;  ih» <i€m ■mounts  wme oalouhted. 
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the  urea  by  Liebig's  mcrcurit'  nitrate,  tiic  cliloiid©  of  sodium  beiug  got 
rid  of.    The  stools  were  weighed  every  day*. 

On  the  days  of  rest  the  men  remained  in  one  room,  sittiug  ^uitc  Btill 
or  lying  on  tlie  bed  ;  they  did  not  leave  the  ruoiri. 

On  the  first  day  of  exercise  they  walked  twenty-four  Tnile.s  on  level 
ground  between  S.IO  a.m.  and  8  w^i.  On  the  eeeond  day  they  'nalked 
thirty-five  miles  between  B.IO  a.m.  and  9.i5  p.m. 

The  walkinijj  was  done  well,  and  S.,  who  had  been  the  f>ubjt'ct  of  the 
previouf^  experiments  of  exercise  on  a  non  !n;r:»genous  diet,  was  quite 
cert;iiii  that  he  supported  the  fatij^ue  much  better  under  the  meat  diet, 
than  on  the  former  occasion  when  he  was  fed  on  starch  and  butter. 

The  amount  of  work  done  (the  weight  of  their  clothes  being  taken 
into  account)  was  calculated  by  Mr.  llaugliton's  formnla,  viz.,  that 
A\  alkiug  on  a  level  surface  is  equal  to  lifting  ^  of  the  weight  through 
the  distance  walked. 


First  day. 

Sccbnd  day. 

_  ■* 

Kilogramme- 

metres. 

Tons  lifted  | 

a  foot. 

KilogmmmA- 

mctres. 

"^ons  lifted 

a  font. 

8.   

i»5ixo= 

416 
40s 

i  947  98  = 
iS86o5-> 

The  toeiffht  of  the  body. 
The  following  Table  gives  the  daily  TariationB  m  the  weight  of  the 
body  during  the  whole  period.  The  weight  was  taken  at  thd  end  of 
the  24(  hours. 


S. 

B. 

Oidinarf  ocenpaiion,  ist  day .... 

Ibi.  STi 

lbi.ar. 

>45 

139  s 

„        2nd  i,  .... 

HS 

i4» 

ff          3*^  n  •••• 

§46 

»S9 

145 

139-5 

Rest  '                      5t1i  „  .... 

M875 

138-5 

Onilnaiy  oeenpation,  7th  „  .... 

144 

ti            ff        8th  „  .... 

»45 

13925 

>t           fj        9^h  It 

H5'5 

1395  - 

tt            »»       lotji  t,  .... 

'45 

140 

142 

137 

  <4tft  „  .... 

'35 

Ordinary  occupation,  1 3th  .... 

142 

'3S75  1 

It           »f       14^1*  ft  «••- 

»43 

137*S 

„           „       15th  „  .... 

144 

138-25 

*>           tt       i6lh  11  .... 

•  144*5 

'3975 

The  following  Table  ahowa  the  gain  or  Iobs  0^  hody-wclgtit  m  grammes 
{round  nnmhers). 

*  t  determined  also  the  cMoride  of  aodium  and  the  phoephorio  add  (on  thifie  ooca- 
.«iona)t  hut  I  hsTD  not  included  thcae  reaulta,  in  order  not  to  oompUeote  the  aUteaiart. 
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Ordinary  occupation,  ist  day 


H 

n 


Rest 


»hd 
3rd 
4th 
5th 
6tk 
7th 
8th 
9th 
loth 
iiCh 

n    lalh 

Ordinaiy  oocapatioii,  13  th 

H  tt  Hth 

n  n  16th 


u  ....••«..  

Ordiuiy  oceapaiioD, 

n  n 

»'  w 

Exorciae  


»• 
ft 
>t 
it 
»» 
it 

n 
I* 
W 
II 
II 
11 
II 
II 
If 


1 

o 

0 

+  400 

—  400 

—  Soo 

—  aoo 

+  200 

-|>  aoo 

—  aoo 

—  1500 

—  1000 

+  10C0 
+  600 

4-  400 
+  300 


11. 

o 

+  »oo 

—  500 

H-  300 

—  400 

—  too 

d 

-f-  4C0 
•I-  too 
4-  aoo 

—  1400 

—  lOOO 

+  so© 

4-  ^06 

4-  400 
•f  606 


The  ^vel^llt  in  the  first  period  was  fairly  constant ;  but  during  the  rest- 
period  one  man  lost  14  lb,  and  one  other  1  lb.  in  weight ;  the  loss  was  gra- 
dual on  the  two  days, which  was  dilVerent  from  the  alternations  which  had 
gone  before;  the  loss  was  aubsequently  recovered  from  at  the  rate  of  rather 
less  than  |  lb.  a  day  until  the  usual  weight  was  regained  on  the  third 
and  fourth  days.  As  the  amount  of  food  ingesta  was  not  less,  the  loss 
must  have  been  owing  to  increase  in  the  egesta.  Thia  was  certaiuljan 
unexpected  rebiilt,  but  is  yet  quite  certain. 

The  nature  of  the  increase  in  the  egesta  will  appear  presently.  I  will 
merely  state  here  that  it  was  not  owing  to  any  condition  of  external 
temperature  or  atmospheric  huiniditj  acting  on  the  tikin  or  lungs.  In 
the  Hrst  four  days  of  ordinary  occupation  the  maximum  temperature  in 
the  shade  was  59^  61°-2,  64°'8,  and  G5°F., while  tlic  mean  of  the  id.ixI- 
mum  and  imnimum  temperatures  of  twenty-four  houi  b  was  51°  2, 
50°*2,  51'*'*4.  In  the  rest-period  of  two  days  the  maximum  sliadc  tempe- 
rature wuri  Q\P  and  08°,  and  the  mean  temperature  of  the  days  was  51  5 
and  5S°-i.  In  the  after-rest  period,  when  the  body  was  regaining  w  eight 
on  the  bauie  diet,  tlie  temperature  rose  gruatl\ ,  llic  niaxiiiuim  being 
7-i'-8,  81°-G,  and  70°,  wliilo  the  mean  of  the  maximum  and  miimuum 
was  01  \  no  -3,  02^,  and  59^-5. 

It  is  evident  therefore  that  tlic  weight  altered  independently  of  the 
external  temperature  ;  for  there  was  scarcicly  any  difference  between  the 
first  and  rest-period,  and  if  any  action  had  been  caused  it  should  have 
gone  on  in  the  succeeding  hotter  days  of  ordinary  exercise  during  the 
third  period.  The  air  was  a  little  drier  during  the  two  days  of  rest 
(65*3  per  cent,  of  total  humiditj)  than  in  the  preceding  and  following 
periods  (72*6  and  72*9) ;  but  thti  slighi  difference  had  no  effect,  becaiue 
on  one  of  the  days  following  the  rest  the  air  was  both  hotter  and  drier 
thmi  on  one  of  the  rest-da)  s,  and  yet  the  body  gained  weight. 

During  the  period  of  exercise  both  men  lost  greatly  and  almost  equally 
in  weight,  and  then  during  the  following  period  regained  it,  so  that  in 
four  days  one  man  had  recoyered  his  former  weight,  and  the  other  man 
wa4  only  \  lb.  short. 
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The  eUmmation  of  nitrogen  by  the  urine  followed  preciselj  the  same 
course  in  each  man ;  and  allowance  being  made  for  the  difference  in  food, 
this  eourae  was  identical  with  that  determined  in  the  former  experiments, 
when  the  diet  was  non^nitrogenons.  It  is  certain  that  neither  during 
rest  nor  exercise  did  nitrogen  pass  off  bj  the  skin  or  lungs* 

It  will  be  convenient  to  consider  the  total  nitrogen  in  the  first 
instance. 

During  the  first  period  of  four  days  the  total  nitrogen  excreted  was 
71*428  grammes  by  S.  and  74O08  grammes  by  B.  In  the  period  of  rest, 
instead  of  falling  the  nitrogen  increi&sed  in  amount,  so  that  in  two  days 
88*274  and  88'^3  grammes  were  excreted.  This  is  not  only  more  than 
the  half  of  the  previous  four  days,  but  more  than  the  amount  of  either 
the  first  two  or  the  last  two  days  of  the  first  period. .  The  greatest 
increase  was  in  the  first  day  of  rest,  but  in  the  second  day  the  amount 
was  still  above  the  mean  of  the  previous  period. 

As  afterwards  shown,  this  was  not  owing  to  lessened  eliminatioiL  by 
the  bowels ;  for  both  the  weight  of  the  stook  and  the  nitrogen  increased 
in  the  period  of  rest.  It  seems  impossible  to  avoid  the  condusbn  that 
the  condition  of  rest  with  an  et^ual  entry  of  nitrogen  was  accompanied 
by  a  daily  increase  of  excretion  by  thd  urine  of  about  1  gramme  more 
nitrc^en. 

It  may,  indeed,  be  said  that  this  is  within  the  limits  of  error  or  un* 
avoidable  variation,  and  may  be  accidental  |  but  if  so,  it  seems  most  re- 
markable that  the  result  should  run  in  the  same  way  and  be  of  nearly  the 
same  amount  in  each  ease,  and  be  confirmed  by  the  independent  obser- 
vaHon  of  the  urea.  In  the  third  period,  when  the  men  zetnmed  to  their 
ordinary  occupation,  the  nitrogen  feO  in  both  on  the  first  day  to  a  lower 
point  than  had  ever  before  be^  noted,  and  then  rose  gradually,  so  that 
in  the  four  days  the  amount  was  almost  the  same  with  that  of  the  fint 
period,  70-45  and  73*94  grammes  being  excreted.  In  the  period  ff 
exereise  which  is  to  be  compared  with  tjhat  of  the  rest,  the  results  were 
identical  with  those  of  the  former  experiments  when  nitrogen  was  not 
supplied. 

On  the  first  day  of  exereise  the  nitrogen  in  each  man  f^  bdow  tiie 
oorresponding  day  of  rest  by  1*626  and  1*131  gramme.  In  the  next 
twelve  hours,  which  were  almost  entirely  occupied  in  exercise^  the  dimi> 
nution  was  still  greater,  being  2*498  and  1*225  grammes,  whtdi  would 
be  equivalent  to  5  and  2}  grammes  for  twenty-four  hours.  In  the  last 
twelve  hours^  of  rest  af^  work,  the  elimination  increased  greatly,  so 
that  5*142  and  8*881  grammes  more  were  excreted  than  in  the  corre> 
spending  rest-period ;  the  general  result  being  that  on  the  whole  two 
days'  period  of  exercise,  as  compared  with  the  whole  period  of  rest,  there 
was  an  increase  of  about  1  gramme  in  the  exercise-period  in  each  man, 
owing  entirely  to  the  larg(s  excretion  in  the  last  twelve  hours. 
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S. 

1  »• 

Total  nitrogen  in  nriae  in  two  dam*  iwt  ... 

grammes. 
38-a74 
39*292 

grammes. 

38943 
39-918 

roiS 

0-975 

The  fir^t  day  following  the  exercise  was  a  day  ul  ulraost  complete  rest ; 
the  nitrof^eu  in  both  meu  was  increased  considerably  over  the  average 
of  the  first  and  third  periods;,  and  very  greatly  indeed  over  the  amount 
of  the  first  day  of  tlir  third  period,  the  exccaa  being  5-33  and  3  o68 
grammes  over  that  day.  This  was  the  most  considerable  variation  in 
the  period  of  experiment.  The  liiLiogeu  continued  high  all  through  this 
period,  the  result  being  that  in  the  four  days  S.  excreted  84 -210  and  B. 
80*888  grammes,  or  13  and  G  grammes  reapectively  in  excess  over  the 
firtt  period  of  four  days.  It  is  clear  indeed  that  during  this  period,  the 
eimtioil  of  nitrogen  must  have  been  greater  than  the  ingress. 

I  will  not  tiBoe  the  changes  in  the  nxea  in  such  detail.  They  wer^ 
almost  identuial  with  those  in  the  total  nitrogen. 

In  the  first  period  the  amottnt  of  urea  was  ahnost  piedselj  the  same 
in  tiie  two  men.  In  the  rest-period  it  increased  nearly  2  grammes  daily 
in  each  man,  ftll  during  the  third  period  to  the  former  arerage,  decreased 
great^  during  the  first  thirty-six  hours  of  the  exercise-period  as  oom^ 
pared  with  the  rest-period,  and  increased  in  the  last  twelve  hours  ;  in 
the  last  or  aftsr-work  period  it  also  increased,  though  in  a  less  proper* 
tton  than  the  total  nitrogen. 

The  changes  in  the  non*ureal  nitrogen  were  also  very  similar  in  the 
two  men,  hut  will  he  heat  followed  in  the  case  of  B.,  in  whom  the 
excretion  of  mm-ureal  nitrogen  was  more  steady  from  day  to  day  than 
in  S.  It  was  very  slightly  and  imnuiterially  increased  in  the  rest-period, 
fell  as  slightly  in  the  after  rest-period,  remained  the  same  during  the 
exerdse^periodf  and  increased  to  nearly  double  in  the  last  four  days. 
In  S.  it  increased  more  in  the  rest-p^riod  and  in  the  exercise-period 
than  in  B.,  and  still  mere  in  the  last  four  days.  lEhis  increase  in  the 
non-ureal  nitrogen  after  exercise  is  eonflrmatory  of  the  results  formerly 
ohialiied  on  this  poiiit« 

If  these  results  are  looked  at  as  a  whole^  it  will  he  seen  that  though 
the  changes  in  tiie  amount  cf  nitrogen  were  for  the  most  part  not  great, 
still  they  were  decided  and  erident  changes,  and  occurred  precisely  in 
the  Bsme  way  in  the  two  men.  Xhe  coincidence  in  the  changes  in  the 
urea  and  tn  the  total  nitrogen  (determined  by  such  different  processes) 
ia  a  strong  argument  that  the  results  were  real.  Throughout  the  whole 
time  the  food  was  precisely  the  same,  and  the  modifications  were  there- 
fore not  owii^  to  variation  in  the  ingress  of  nitrogen. 

There  was  aoma  watton  in  the  amcrmit  of  urinary  water  ;  but  the 
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iacreftscd  excretion  of  nitrogen  was,  I  belieFe,  not  at  all  connected  with 
it.  Thus  in  the  first  and  third  periods  the  nitrogen  was  almost  the 
same»  yet  in  S.  the  difference  in  the  mean  amount  of  water  was  266  cub. 
centims.,  and  in  B.  was  60  cub.  eeutims.  In  8.,  in  the  fifth  period,  the 
amount  of  water  was  the  same  (within  6  cub.  centims.)  as  in  the  first 
period,  yet  the  nitrogen  was  more  than  3  grammes  in  excess.  If  indi- 
vidual days  are  taken,  no  obvious  relation  appears  between  the  urinary 
water  and  the  nitrogen.  The  largest  amount  of  water  in  S«  (1760  cub. 
centims.)  corresponded  to  19*086  nitrogen,  while  the  largest  anumnt  of 
nitrogen  (23*488)  corresponded  to  1480  cub.  centime.,  and  the  next 
amount  of  nitrogen  (21*25)  was  passed  in  only  000  cub.  centims.  of 
urine.  In  B.  the  largest  amount  of  nitrogen  (21*507)  was  contained  in 
the  largest  amount  of  vrater  (1610  cub.  centime.),  but  almost  as  great 
an  amount  was  contained  in  1000  and  920  cub.  centime.  So  that  dif* 
ferences  in  the  amount  of  water  cannot  explaui  the  variations  in  the  exit 
of  nitrogen.  If  not  owing  to  alteration  in  food,  nor  to  variable  passage 
of  water  through  the  kidneys,  it  seems  tolerably  certain  that  the  condi- 
tions of  rest  and  exercise  were  the  causes  of  tJie  variation. 

Sxoretum  qfNUrogM  by  the  htnoeli, 

Tbe  two  men  did  not  have  quite  the  same  amount  of  intestfaial  excrete. 
The  average  dafly  weight  (sixteen  days)  in  the  case  of  S.  was  4*798 
ounces  avoirdupois  or  186  grammes;  while  in  the  case  of  B.  Uiey 
amounted  only  to  3*97  ounces,  or  112*8  grammes.j 

The  exact  daily  weights  are  given  further  on,  and  I  will  now  merely 
state  the  amount  of  nitrogen,  which  was  determined  three  times. 


Nitnigtti  in  gmmiict. 

S. 

B. 

l'^^J 
1*486 
2-138 

0*644 

1*091 

1*617 

1*079 

B.  passed  (if  these  three  days  represent  the  mean)  0*538  gramme  leas 
nitrogen  daily  by  the  bowels  than  and  during  the  first  twelve  days  he 
passed  on  an  average  0*6  gramme  more  nitrogen  in  the  urine,  so  that 
during  these  twelve  days  the  dischai^o  of  nitrogen  by  the  conjoint 
channels  was  within  1- gramme  the  same  in  the  two  men;  the  amounts 
being  in  S.  238  848,  and  in  B.  289*757  grammes  in  twelve  days,  while 
the  amount  of  nitrogen  passing  in  (independent  of  a  small  amount  ia 
the  tea,  coffee,  butter,  <&c.)  was  285*32  grammes.  This  accordant  result 
proves,  I  believe,  both  the  estimate  of  the  nitrogen  in  the  food  and  the 
collection  and  analysis  of  the  excreta  to  have  been  accurate.  I  was 
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quite  unprepared  for  a  result  so  eloee  as  that  the  difference  in  tho  ox- 
cretion  of  nitrogen  of  the  two  men  should  be  only  0  07G  gramme,  or 
f cnrcely  more  than  1  grain  daily.  In  the  last  four  days  S.  passed  a  littlo 
more  nitrogen  by  the  urine  than  B.,  thereby  reversing:  what  had  gone 
before.  The  stools  were  not  analyzed  during  this  period,  but  I  believe 
that  the  nitroj^en  must  have  been  furnished  by  the  body  during  theso 
four  day?.  As  respects  the  eficet  of  exercise  on  the  intestinal  liitrogcu, 
there  was  a  slight  increase  in  rest  OTer  the  previous  period  aad  in  ex- 
ercise over  the  rest-period. 

If  the  following  Table  (p.  51-)  be  analyzed,  it  will  be  found  tliat  the 
loss  of  weight  in  the  rest-period  was  attributable  in  JS.  almost  entirely 
to  excess  in  the  pulmonary  and  cutaneous  excreta,  while  in  B.  it  waa 
owing  to  increase  in  tlie  nrinarj-  and  intestinal  excreta.  It  might  bo 
presumed  to  have  been  cliu  liy  water;  but  the  simultaneous  changes  in 
the  excretion  of  nitrogen  give  it  interest.  The  channel  of  elimination 
in  B.  proves  in  another  way  that  it  was  not  owing  to  effect  of  external 
temperature  in  the  air. 

During  the  period  of  exertion  the  loss  of  weight  was  from  iocreaso  in 
the  skin  and  lung  excretion,  and  it  is  interesting  to  observe  howparaUel 
it  was  in  the  two  men  ;  the  loss  of  weight  was  subsequently  made  up  by 
lessening  of  the  skin  aud  lung  excreta.  The  intestinal  excreta  were  not 
intiuenced  either  way  by  the  exercise ;  and  in  spite  of  the  great  passage 
of  water  by  the  skin,  the  urinary  water  was  not  aifected.  The  antago- 
nism (  iniinonly  stated  to  exist  between  the  excretion  of  water  by  the 
skm  Mid  kidneys  was  not  perceptible. 

ExplanaHon  pftheprdeedingfiett. 
Taking  Into  account  the  experiments  formerly  recorded  as  well  as 
those  in  this  paper,  we  have  to  explain  the  following  phenomena. 

1.  With  an  unchanged  ingress  of  nitrogen  there  was  a  slight  excess 
of  nitrogenoiv  ezmtion  during  rest  as  compared  with  a  period  of  ordi* 
may  ezereise. 

2.  There  was  ft  decrelMe  of  urinaxy  nitrogenous  excretion  during  actlre 
exercise  as  compaieif  with  a  period  of  rest,  and  this  was  perceptible  both 
when  the  ingress  of  nitrogen  was  stopped,  as  well  as  when  nitrogen  was 
supplied  In  regular  amount. 

3.  There  was  an  excess,  not  great,  hut  long  continued  in  nitrogenous 
excretion  alter  exerdse. 

4.  There  was  a  retention  of  nitrogen  in  the  system  when  it  was  again 
supplied  after  having  been  cut  oif,  after  both  rest  and  exercise,  and 
greatest  in  the  latter  case,  showing  that  it  is  needed  in  the  system,  and 
that  an  insufficient  supply  at  one  time  must  be  subsequently  compensated. 

In  addition  we  cannot  leave  out  of  account  the  well-known  dietetic 
fact,  based  on  experience,  that  much  muscular  work  always  demands 
the  supply  of  a  hirger  amount  of  nitrogen. 
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Both  the  theories  of  muscular  action  now  licini^  discussed  hy  physio- 
logitiU  fieem  to  me  iusuiHcieut  to  account  satisfactorily  fur  all  tho  abovo 
lacts. 

The  old  theory  was,  that  a  musclo  was  moro  or  less  destroyed  during 
actiou  aud  wa«  repaired  during  rest,  and  if  bo,  it  seemed  reasonable  to 
euppoae  that  the  ac;tioa  of  the  muscles  would  be  measured  by  the  amount 
ot  uitrogen  eliuiiiiated.  But  the  decrease  in  the  nitrogenous  excretion 
duiiiig  exercitie  and  its  very  moderate  increase  afterwards  (an  increaae 
quite  out  oi  proportion  to  the  auiount  oi'muscle  supposed  to  be  destroyed) 
seem  i|uile  inconsistent  with  thia  view, 

.  The  now  theory,  springing  ironi  the  experiments  of  Professors  Pick 
and  AVislicenua,  viz.,  t  hai  the  nitrogenous  framework  of  a  musclo  ia 
merely  the  machinery  wiiich  uUows  changes  in  the  noji-nitrot^onous  riub- 
stancea  to  take  place,  and  that  lu  lUeli  il  undergoes  diii'mg  cierciiu  no 
change,  though  at  first  biglil  consistent  with  some  of  the  facts,  does  not 
appear  to  be  so  with  alL  It  does  not  account  for  tho  increase  of  uitro» 
genous  excretion  in  rest,  for  the  decrease  during  exertion,  or  for  tho 
increase  afterwards,  nor  in  a  satisfactory  manner  for  the  great  reteutioa 
of  iiHrogea  in  the  system  which  occurs  after  exercise  on  a  non-nitroge- 

Tbme  ia  somatrbiug  more  in  the  facts  than  either  diauitegnition  j^ei*  se, 
(v  itabilify  of  nitrogeiioiis  composition  during  mnaeiikr  action^  will 
•eeoontfiv. 

Wemnal^  tol  Boma  other  eiplaiiationi  and  it  appeafs  to  me  that  we 
oaa.  only  expieai  the  fteta  by  sa)  ing  that  a  muaole  during  action  appro* 
prialtae  more  nitrogen  than  it  giyee  off,  and  during  rest  gi?ee  off  more 
than  it  appropriatea.  We  have,  perhaps,  ttrietiy  epeaking,  no  right  to 
go  beyond  thii ;  bnt  it  seemq  elear  that  as  a  mnsde  could  bardfy  be>up- 
posed  to  hare  two  nmultaoeous  actions,  we  may  simplify  the  a]x>Te  ez* 
presQon  hj  stating  that  dnring  action  a  musde  takea  nitrogen,  and 
dufing  rest  gi? ea  it  off.  To  put  thia  in  other  words,  the  action  of  a 
muade  would  seem  from  these  ezperimente  not  to  be  connected  with 
dibinkagnlioi],  but  with  formation ;  when  it  is  in  ezerdse  the  muscle 
inereaseS)  when  it  ia  quiescent  it  lessens  in  bulk.  It  may  seem  a  bold 
inaoration  to  attempt  to  revene  in  thia  way  the  old  theory  of  muscular 
acta<m,  especially  aa  the  same  rule  would  have  to  be  applied  to  nutrition 
geMMlly ;  but  if  it  eipUuna  all  the  facta,  it  is  at  any  rate  entitled  to  be 
fiilly  considered. 

ap|i|jing  tins  expression  in  the  explanation  of  the  facts,  I  must 
psesaise  that  tiie  nitrogen  discharged  by  tho  kidneys  and  bowels  cannot 
be  auppoeed  to  be  derived  solely  from  the  muscles.  As  it  represents  all 
the  nitrogen  going  in,  it  must  be  derlviHl  from  all  the  nitrogenous  tissues, 
from  the  nervous  substance,  the  gland  eells»  the  albununous  membranes 
and  fluids,  in  fact  from  all  nitrogenous  structures.  That  portion  of  it 
which  ia  derived  from  th^  musoulai  system  cornea  only  in  part  from  those 
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muBcleB  whose  state  we  ea&  alter.  We  cannot  alter  the  action  of  the 
musdefl  of  respiration,  of  the  heart,  the  stomach,  and  inteatineB,  Ac. 
We  cannot  even  reduce  the  Toluntary  musclea  to  a  atate  of  complete  and 
prolonged  rest.  There  muat  be  some  movement,  conaeqaen%  we  must 
not  expect  to  find  laige  variationa  in  the  elimination  of  nitrogen  when 
a  certain  number  of  musdea  only  are  kepi  in  a  atate  of  oomparatiTe  rest 
or  exercise. 

The  food  passing  into  the  body  after  due  prepaiation  in  the  stomach, 
liver,  and  lungs,  forma  in  the  blood  a  reaerroir  or  store  of  nutriment 
from  which  the  different  parts  of  the  body  take  their  supply  as  they 
require  it,  or  according  as  the  special  stimulus  of  eaoli  enaibleB  it  to  ap- 
propriate it. 

In  these  two  men  19*6  grammes,  or  802  grains  passed  daily  into,  and 
then  out  of,  the  store  into  the  various  nitrogenous  tissues.  This  quantity 
exactly  sufficed  in  the  then  state  of  activity  of  all  the  organs  to  preserve 
perfect  action,  and  to  keep  the  body-weight  constant. 

A  certain  number  of  muscles  being  brought  into  a  state  of  rest,  the 
nitrogenous  elimiuation  increased  ;  in  other  words,  the  muscles  appro- 
priated nitrogen  iu  less,  and  gave  it  off  in  greater,  amount,  owing,  if  my 
explanation  be  correct,  to  their  more  rapid  disintegration  during  vesfe 
than  exercise.  This  may  be  understood  by  supposing  that  if  in  tiie 
twenty-four  hours  the  voluntary  muscles  are  in  a  state  of  rest  for  twelve^ 
and  of  exercise  for  twelve  hours,  and  if  the  exercise  is  reduced  to  six 
hour^the  removal  going  on  at  the  same  rate  for  eighteen  hours  instead 
of  twelve  hours  will  increase  the  exit  of  nitrogen  50  per  cent.  Ais 
cordingly  during  the  period  of  rest  the  elimination  of  nitrogen  increased, 
and  this  was  neeessanly  most  marked  durmg  the  first  day,  when  the 
bulk  of  the  quiescent  muscles  was  greater  than  on  the  second  day,  when 
it  had  been  reduced  by  excess  of  elimination.  I  do  not  see  how  pro- 
pcrly  to  explain  the  increase  during  rest  except  in  this  way ;  if  the  fauA 
be  as  I  8tat«  it,  no  theory  of  muscular  action  cau  be  true  which  does  not 
account  for  it. 

The  effect  on  the  reserve  or  store  of  nitrogen  in  the  blood  would  be 
to  leave  in  it  more  nitrogen  than  usual  at  the  end  of  the  two  days'  rest 
Hie  men  then  commenced  ordinary  occupation,  and  immediatsly  the 
muscles  b^an  again  to  contract  and  to  assume  more  nitrogen  in  conse- 
quence of  the  increased  exercise.  As  they  had  to  regain  their  former 
composition,  the  eliminatiou  of  nitrogen  necessarily  lessened,  and  the 
reserve  must  have  fsllen  to  its  normal  amount.  They  would  use  up  the 
sccumulation  in  the  reserve  as  well  as  the  fresh  supply,  and  the  equili- 
brium would  be  restored ;  this  was  nearly  done  in  fact  in  twenty-four 
hours,  as  may  be  aeen  in  the  Table. 

After  four  days  the  men  took  excess  of  exercise.  The  elimination  of 
nitrogen  at  once  lessened,  because  more  was  used  by  the  contracting 
musdes,  and  there  were  lesser  intervals  of  rest. 
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The  last  10^  hours  of  the  two  exercise  days  formed  a  period  of  rest ; 
and  during  this  time  the  exeretion  increased,  and  this  increase  continued 
more  or  less  for  four  subsequent  days. 

This  might  be  explained  by  the  passing  off  of  excretory  products 
formed  during  the  contraction,  according  to  the  old  theory ;  but  if  so,  it 
seems  siDgolar  that  the  increased  excretion  should  have  been  so  mode- 
rate, and  at  the  same  time  should  have  been  spread  over  so  many  days, 
"wher»\')s  on  the  hypothesis  I  have  suggested  it  is  easily  cxplicahle. 

During  the  exercise-pcriocl  the  extra  action  of  the  muscles  had  added 
a  large  amount  of  nitrogen  to  their  structure ;  at  the  end  of  the  time 
the  muscles  must  have  been  bulkier,  and  therefore  in  the  succeeding 
jx'riod  of  rc'-'t  furnished  a  ]nr!]:pr  elimination  of  nitrogen  than  in  the 
alter  reat-prriod  when  they  were  snuilier.  ISloreover,  afti  i'  tlie  exercise- 
period  tliere  was  much  more  rest  than  after  the  rest-periud.  In  the 
first  day  after  the  exercise  the  men  were  tired  and  rested  the  whole  clay, 
and  even  on  the  following  days  did  not  probably  make  so  much  exertion 
as  usual.  And  the  gradual  elimination  for  so  many  days  looks  much 
more  like  a  temporarily  enlarged  organ  returning  slowly  to  its  normal 
size,  than  hkcthe  passage  of  accumulated  excretory  products  ;  the  chief 
product  bein<T  the  very  soluble  urea  whit  h  is  always  so  rapidly  removed 
from  the  muselt  s  that  scarcely  any  can  be  detected  in  them. 

The  facts  observed  in  the  experiments  on  a  non-nitrogenous  diet 
seem  now  to  be  also  easily  explained.  The  decrease  in  the  urea  during 
the  period  of  exercise  equally  occurred,  because  the  muscles  used  more 
nitrogen  iu  their  action  than  in  the  rest-period,  taking  it  from  the  store, 
and  thereby  no  doubt  robbing  other  parts. 

During  the  two  davs  of  exercise  without  nitrogen,  the  muscles  may 
have  been  just  as  well  fed  with  nitrocren  as  during  the  experiments  with 
iJ(K)  graius,  only  other  parts  could  not  have  been  so;  other  organs  and 
the  muscles  not  called  into  play  must  have  acquired  nitrogen  with  more 
difficulty,  and  consequently  when  nitrogen  was  again  given,  a  large 
portion  was  retained  to  rcplenisb  the  store  and  to  feed  the  organs  which 
bad  been  on  short  allowance. 

The  quantity  retained  when  nitrogen  was  again  given  did  not  serve  (we 
may  suppose)  to  nbnrisk  muscles  exhausted  bj  the  exercise  (which  on  my 
iheoiyhfld  eren  increased  in  nitrogenous  oonstituenta),  but  other  parts. 

If  this  reading  of  the  facts  be  admitted,  it  may  be  asked  how  it  will 
ifyf/t  the  inference  drawn  horn  the  experiments  of  Professors  Pick  and 
Wialicenns.  They  determined  the  nitrogen  discharged,  calcolated  how 
mnch  rnvade  it  represented,  and  then  avgued  (and  as  Dr.  PrankUnd  has 
shown,  correctly  argued)  that  this  amount  of  muscle  could  not  have  pro- 
duced the  mechanical  force  which  had  been  exerted.  But  it  is  apparent, 
if  I  am  correct,  that  the  measure  of  the  work  must  be  the  amount  of 
nitrogen  appropriated  by,  and  not  that  eliminated  from,  the  muscle, 
aud  this  was  not  shown  in  their  celebrated  experiments. 

But  though  doubt  may  be  raisod  ob  to  the  basis  of  their  opinion,  I 


Digitized  by  Google 


58  Dr.  Parkes  on  the  Eliminaiion  of  Nitrogen,      [Juue  20, 

oonoeive  the  opinion  itself  was  probablj  oorrect.  Becaiue  even  if  the 
work  is  done  during  the  period  when  nitrogen  is  added,  and  not  when  it 
IS  eliminated,  it  is  difficult  to  suppose  that  the  changes  in  the  nitrogen 
are  on  a  scale  large  enough  to  account  for  the  result^  or  that  the  tvuia- 
formation  of  a  partide  of  Uood-alhnmen  into  a  partioLe  of  mnsde-alhomen 
could  be  attended  by  anjr  chemical  changes  which  jmt  «s  could  equal  the 
mechanical  force  produced.  But  we  can  imagine  that  such  a  tranafonna* 
tion  may  be  the  cause  of  ohanges  in  the  non>nitrogBnou8  aubetancea  to 
whidi  the  manifeetation  of  force  is  really  owing.  There  ia  no  reason 
why  disintegration  should  be  more  attended  with  such  ohangea  than 
formation.  Indeed  it  is  perhaps  more  often  that  the  union  of  ohemicsl 
aubetanoea  ia  attended  by  signs  of  transformation  of  fiiroe  tiian  their  dis* 
union.  Or  the  stimulns  which  causes  the  addition  of  the  ni^gen  to  the 
muscle  may  at  the  same  moment  ongiuate  the  changea  in  the  wm-nitio* 
genous  substances. 

The  fact  that  the  substances  the  presence  of  which  in  the  mnsde 
suspends  the  contraction  (and  therefore,  if  I  am  right,  the  growth  of 
muscle),  ^pear  from  Bsnke's  latest  observations  to  be  dsiiYed  from  the 
non>nitrogcuous  substanoes,  is  another  argument  in  favour  of  the  view 
that  great  changes  go  on  in  tiiese  substances  during  muscular  action. 

If  the  opinion  of  Brafessors  Mck  and  Wisliosnus  to  this  eoctent^  and 
if  the  experiments  of  Banke  and  otheia  on  the  effect  of  the  effiate  pro- 
ducts be  adopted,  the  following  would  be  the  theory  of  muaoular  action 
I  would  propose. 

When  a  voluntary  muscle  is  brought  into  action  by  the  inliuianee  of 
the  will,  it  appropriates  nitrogen  and  grows ;  the  stimulus  or  tdie  aot  of 
union  gives  rise  to  changes  in  thenom-nitrogenous  substances  smeround* 
ing  the  ultimate  dements  of  the  muscular  aubetaace  which  cause  the 
conversion  of  heat  into  motion.  The  contraction  continues  (the  will 
still  acting)  until  tJie  eibte  products  of  these  changes  aneet  it  i  a  state  of 
rest  enBue%during  which  time  the  effete  products  are  removed^the  muade 
loses  nitrogen,  and  can  again  be  called  into  action  by  ita  stimulus* 

This  theory  not  only  explains  the  experiments  now  recorded,  but 
simplifies  our  ideas  both  of  the  growth  and  of  the  wasting  of  musde, 
and  seems  likdy  to  explain  more  easily  some  processes  in  dlasaaa* 

It  is  also  in  greater  accordance  witii  the  rules  of  diet  dari?ed  from 
experience  than  the  theory  of  Fick  and  WislicenuB.  If  eoRect»  it  sbowa 
why  the  musde  requiree  nitrogen  for  ita  action^  and  why  iaereaaed 
action  requires  increased  nitrogen.  The  food  must  dthar  supply  this, 
or  the  store  of  nitrogen  in  the  blood  and  other  ovgana  must  be  leasened*. 

■ 

*  TlMit  fin  iucreascd  supply  of  fat,  and  perhaps  of  slarclics,  is  also  desirable  has  long 
b«*n  prnrticnlly  reeoirniml,  though  the  store  of  f:U  Jilroady  in  the  body  render^  tin'*' 
necessary  for  u  time.  Xlte  observatioiui  of  I/iwes  and  Gilbert  seem  t4>  me  to  reivl-  r  it 
pottible  that  when  a  muaole  parte  with  its  nilxx^n,  iat  ia  formed,  and  if  fo^  a  muacid 
disinfeagMtiQg  during  resfc  rnqr  fom  a  ■topt«f  bl  la  iU  Infaue  whidi  mi^  bs  faiilNr 
tMBifiiniisd  st  ibeoeit  addiftioa 
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It  enables  us  to  undcrrttand  why  in  a  well-fed  body  it  may  be  some 
time  after  nitrogen  is  cut  oil'  before  the  muscles  have  any  difficulty  in 
obtaining  what  they  want,  and  why  in  a  body  ill-supplied  with  nitrogen 
exertion  lesBcns,  or  if  kept  up  j)roduces  bad  elfects, 

If  exertion  is  perseyered  m  under  Bach  drcumBtauces,  a  failure 
eomewbero  is  always  obsmed.  Prc^uently  the  nenrous  Byateio  or  the 
hetrt  ahowa  sigzie  of  weakness,  t  reBult  which  could  hardly  be  explained 
by  the  riew  of  the  Swias  Ftofeasora,  It  is  certoioly  an  argument  fo? 
the  yiffw  I  hare  adTOcated,  that  it  ib  in  harmony  with  the  teachings  of 
eq;»eriencc,  and  restores  to  the  rules  of  diet  their  old  significance. 

X*  "Note  on  the  Lunar^diumal  Variation  of  Magnetic  Deelina* 
tlon/^   By,  J.  A,  Bboun,  F.E,S/  Receired  May  11^  1867. 

JmHiiMb  rtfa  Hay.  1807. 

I  veomred  late  last  night  Ka  91  of  the  Proceedings  of  the  Boyal 
•  Society,  and  desire  to  offer  the  following  remarhB  on  the  abatract 
of  a  paper  by  Ifo.  Neonuijer  which  I  find  therein  (vol.  zr.  p.  414t), 

Hr«  Neumi^er  is  evidently  unacquainted  with  the  Note  by  me^  read  to 
the  Boyal  Society  of  London  in  1861  (Proc*  Boy.  See.  toL  z.  p.  475),  in 
which  I  stated  as  result  of  the  disensBionB  of  five  years*  observatioua  at 
Trevandrum  (near  the  magnetic  equator)  that  the  lunar-diurnal  varia- 
tion  of  magnetie  dedinatiou  became  invevtedy  like  the  Bokr-diumal 
variation,  when  the  sun  pasaed  from  oue  hemisphere  to  the  other, 
both  the  aolar-  and  lunar-diuinal  variations  depending  on  the  position 
of  the  sun. 

I  also  atated  the  laws  of  the  lunar-diuinal  variation,  not  only  for 
the  moon  north  ai^d  south,  as  Kr.  Neumayer  has  done,  but  also  for 
the  moon  on  the  equator  moving  northwards,  and  again  on  the  equator 
moving  southwards,  the  laws  being  different  for  the  moon  in  the  same 
position  according  as  she  was  moving  in  one  direction  or  in  the  other. 

I  pointed  out  in  the  Transactions  oi  the  Boyal  Society  of  Edin- 
burgh (vol.  xviii.  p.  854),  that  the  reversal  of  movement  of  the  decUna> 
tion-needle  with  the  sun  north  and  south  of  the  equator,  observed 
vrithin  the  tropics,  had  its  equivalent  in  the  different  ranges  of  the 
solar-diurnal  variation  for  summer  and  winter  in  high  latitudea.  It 
followed  in  like  manner  that,  the  lunar-diurnal  variation  being  inverted 
with  the  solar-diurnal  variation  near  the  equator,  a  similar  difference 
of  ranges  should  be  observed  in  the  laws  of  lunar-diurnal  variation  for 
Bummcir  and  winter  in  the  higher  latitudes.  Of  this  fact  I  satisfied 
myself  by  a  rediscussion  of  the  Makerstoun  obeervations,  after  re* 
jeeting  the  large  disturbances. 

Another  consequence  of  the  law  of  inversion  of  the  lunai^umal 
Tariation  near  the  equator  with  the  8\m*s  passage  from  one  hemi- 
sphere to  another,  and  vrith  the  inversion  of  the  solar-diurnal  varia- 
tion, was  the  oppoeitiou  or  approziinate  oppositioii  of  the  mean  curves 
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of  lunar-diurnal  variation  in  tlie  higher  latitudes  of  the  two  hemi- 
apheies.  Thi8  conduuon,  however  evident  at  the  time  my  note  was 
written  (1861),  appeared  opposed  to  the  fact,  eince  the  law  of  lunar- 
dtumal  variation  at  Toronto,  according  to  General  Sabine'8  discussion, 
was  an  inversal  of  that  at  Prague  and  Makerstoun,  all  three  places 
in  the  same  hemisphere;  this  I  pointed  out  at  the  time  (Proc.  Hoy. 
Soc.  vol.  X.  p.  475).  This  statement  seems  to  have  caused  a  re- 
examination of  the  Toronto  discuBsion,  as  (General  Sabine  afterwards 
discovered  that  west  bad  been  substituted  for  east  in  his  original 
memoir. 

It  followed  from  the  similarity  of  the  laws  for  the  sun  and  moon, 
discovered  by  me,  and,  this  correction  m<ide,  from  the  observations  in 
the  two  hemispheres,  that  the  mean  law  for  a  north  latitude  should  bo 
the  inverse  of  tliat  for  a  south  latitude ;  or  that  a  maximum  of  easterly 
declination  in  one  hemisphere  should  be  simultaneous,  or  nearly  so, 
with  a  mininmni  iu  the  other. 

My  chief  object  now  is  to  draw  attention  to  the  fact  (published  in 
18(>1)  of  the  sitnihirity  of  the  clianges  of  the  laws  of  solar-  and  lauar- 
diurnal  variations  of  the  nrarriietic  needle,  with  the  sun's  cliange  of 
declination,  as  this  fact  appears  to  have  escaped  the  notice  of  those 
men  of  science  who  since  then  have  been  engaged  in  proving  inde- 
pendently tlic  conclusiona  which  follow  from  the  note  now  referred  to. 

Mr.  Neiiniaycr  rcinarl^d  "that  in  some  cases  the  lunar-diumal 
variatiou  manifcrita  itself  in  a  very  striking  manner  during  the  winter 
months."  This  i'act  I  had  already  remarked  in  the  discussion  of  the 
Makerstonn  observations  for  1814  and  1845 ;  but  I  have  shown  io  a 
paper  forwarded  lately  to  the  Boyal  Society  of  Edinbtirgh  that  tho 
eftect  of  the  lunar  action  is  sometimes  greater  than  that  of  the  solar 
uclion;  and  this  is  made  evident  from  the  lunar-diurnal  variations  for 
single  da^  s,  as  well  as  in  tlie  means  deduced  from  a  single  lunation 
(Dec.  1858  to  Jan.  1859)  for  each  of  the  four  positious  of  thu  moon 
already  referred  to. 


XL  ''An  Aecountof  Obsemtions  on  the  great  Nebula  in  Orion, 

made  at  Birr  Castle,  with  the  3-fcct  and  6-feet  Telescopes, 
between  1818  and  1867."  By  Lord  Oxmantown.  Communi- 
cated by  the  Earl  of  Rosse^  K.P.,  &c.    Bcceived  June  17. 

(Abatraet) 

In  this  paper  an  account  is  given  of  the  observations  which  have  becu 
made  with  the  3-feet  and  G-feet  telescopes  on  the  great  Nebula  in 
Orion  during  the  lant  eighteen  years.  The  observations  are  aceom- 
panied  by  an  elaborate  drawing. 

lu  the  year  1852,  Mr.  Bindou  Stoney  made  a  diaw^g  of  tho  lluy- 
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genian  re-c^ion ;  it  was  repeatedly  compared  with  Die  nebula  by  several 
persons,  anel  we  believe  therefore  that  it  was  (juite  accurate.  It  ia 
not  now  au  axacl  representation  of  the  iiebuhi  iia  it  exiBtB,  conse- 
quently there  seems  to  be  strong  t  vidence  of  change. 

The  observations  were  continued  b}  Mr.  HuntLr  from  ISGO  to  ISGA, 
and  by  me  to  the  present  time.  A  drawing  wiia  made  by  Mr.  Hunter 
whSiB  he  was  assistant,  and  it  haa  been  veritied  by  me  in  almost  all  ita 
detail^  and  extended  considerably.  In  one  place,  where  there  is  a  dis- 
agreemttit  between  Mr.  Hunter's  drawing  and  mine,  Mr.  Hunter  had 
pMffioiialy  been  under  the  impreesion  that  some  change  was  goiug  on. 

Th»  nebuky  whm  nearly  on  tiie  meridian,  was  examined  with  the 
6-ibet  imtnunent  and  with  the  8-&et  uiBtrument,  before  and  after  that 
time.  The  appeannoe  of  the  nebula  differs  from  night  to  night,  as  the 
ftint  detaila  come  out  more  or  leas  perfectly  in  the  different  atatea  of 
Hie  atmoaphm;  but  the  drawing  repreaenti  it  aa  aeen  on  the  beat 
njghta. 

The  preeent  drawing  coptaina  numj  new  atars,  some  laid  down  bj 
the  micrometer,  and  othera  by  eye  eatimation*  The  nebula  haa  been 
traced  to  a  diatanoe  of  folly  40*  North,  and  about  the  aame  distance 
Sooth  of  the  tmpesiumt  on  the  foUowiug  aide  to  a  distance  of  about 
and.  to  a  mudi  greater  distance  on  the  preceding  aide. 

As  to  reaohabilitjy  the  brighter  parte  contain  a  great  number  of 
minute  stais,  gederaUy  of  a  reddiah  colour.  With  the  spectroscope 
three  ttight  l&iea  were  aeen,  but  there  waa  no  certain  eridence  of  a 
oonttnuous  apeetrum.  The  reaulta  anived  at  hj  meana  of  the  apec- 
troaccpe  do  no^  howerer,  appear  to  be  at  vaiiance  with  our  obserrationB 
on  leaolTabilitj,  as  even  if  the  whole  nebula  were  to  conaiat  of  minate 
stars,  the  eontuuunu  i^ectrum  produced  by  them  would  still  be  ex* 
tnmely  fiunt. 

XII.  ''On  the  apparent  relation  of  the  Nerves  to  the  Muscular 
Structures  in  the  Aquatic  Larva  of  T^la  crystallina  of  De 
Geer."  By  Richard  L.  Maddox,  M.D.  Communicated  by 
Dr.  Sharpey,    deceived  June  18,  1867. 

(Abstract.) 

To  avoid  as  much  as  possible  errors  that  might  bo  attributable  to  a 
faulty  mode  of  examination,  the  figures  and  photographs  ha?e  ail  been 
made  from  the  larvae  alive,  and  in  their  natural  medium,  except  two 
instances  in  the  drawings  and  one  in  the  photographs.    After  alluding 

to  the  effects  of  various  reagents  which  were  generally  found  useless  in 
*' differeutiatin*^''  the  line  nervous  structures,  and  the  ordinary  ituxlo  of 
branching  in  the  nerves  from  tlie  ganglionie  chain,  two  particular 
methods  of  teruiiuation  are  selected  as  ilhiHtrativo  of  the  rtlation  be- 
t weeu^tbc  muscular  and  n^ous  tissues.  One,  termed  tUo  llabcUiform,' * 
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whefe  the  nerre  on  Appmching  tlie  miuoulat'  Bheftth  eipAods  Into  m 
fan  ihi^  and  with  its  fine  granular  and  nucleated  contenta  emhracea 
the  muQcle  in  form  of  the  letter  A,  without  anj  evidenoe  of  the  gtanu* 
lar  matter  and  sarcoua  elements  being  in  abaolute  oontaet;  the  other, 
called  the  "stapiform*'  or  vtirmpHibaped.  The  latter,  in  ita  early 
itage^  is  knobbed  in  appeazanoe.  This^  the  early  atage^  is  shown  gia- 
dttf^y  pasting  into  the  oeUular,  looped,  or  stirrup  fonn,  embraeing  the 
fine  museultr  structure  somewhat  obliquely,  or  passing  entirely  round  it| 
and  projecting  beyond  its  edge.  In  this  form  also  there  was  no  evidence 
of  any  union  of  the  granular  contents  with  the  sarcous  elemental 
though  firm  union  existed  between  their  sheaths  or  outer  membranes. 
Fine  networks,  ending  apparently  in  a  granular  irregular  spot  with  A 
pale  centre  and  uniting,  are  pointed  out  The  relation  and  union 
of  short  muscles  passing  between  others,  and  nerve-fibres  lying  along* 
aide  them,  with  fiabelliform  expansions,  are  remarked  on,  and  ahown 
in  tine  figures  and  photographs. 

Musdea  undergoing  degeneration,  or  the  metamorphic  dmnge,  are 
noticed,  and  in  no  instance  could  a  nerve-fibre  be  seen  attadbed  td 
them,  or  a  fibre  that  could  with  certainty  be  traced  to  any  nerve  or 
gangUcn.  TXo  change  was  observed  of  a  definite  chaiacter,  as  regards 
the  mode  of  union,  under  muscular  contraction.  Some  of  the  fineat 
muacolar  fibres  are  paesed  by  for  special  reasons,  as  constant  motion 
Atk  Attention  is  called  to  the  blood-corpuscles,  or  to  oorpnactos  which^ 
for  convenience,  are  called  creeping  cefpusclesi  and  ievend  figures 
givte*  The  peonliarittes  of  these  bodies  are  regarded  as  cf  oons^ 
deiable  importatt0%  and,  ooupled  with  a  remark  In  Dr*  Beale'a  eooAn* 
btttion  to  the  Tiansactions  of  the  Boysl  Society,  read  May  2l8t»  1808^ 
la  reftrenee  to  the  movement  of  all  forms  of  living  matter* 

A  figure  is  given  of  the  head  of  the  larva,  with  the  pharyngeal  pocw 
tion  of  the  digestive  tract  ezserted,  which  was  kept  alive  for  many 
diQv  I  alio  of  the  beautiful  buccal  plexus  regarded  as  nervoua,  though  not 
traced  firom  its  source.  Attention  is  directed  to  the  difference  in  the 
condition  of  the  larva  when  this  portion  is  exserted  by  compression, 
eausing  death. 

The  difficulties  attending  this  double  method  of  delineatioii  arising 
from  muscular  contraction,  from  the  movements  of  the  dorsal  vessel,  and 
the  digestive  tube,  and  iiroui  the  thickness  of  the  tissoea  within  and  be^ 
yond  the  tme  focus,  rendered  almost  hopeless  the  efforts  to  attain  exact- 
ness  between  the  drawings  and  the  photogn^hs,  or  the  rendering  by 
BunUgbt  alone  of  the  minutest  points,  eepecially  with  high  powers }  stall 
the  photographs  are  associated  to  give  a  tmthfkilnesB  to  the  figures  by 
hand. 

The  terminations  of  some  nerves  in  the  blood-red  larva  of  another  gnat, 
showing  the  distinct  fiabelliform  arrangement^  are  also  briefly  alluded 
to,  with  figures  to  sustain  the  views  advanced* 
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XIII.  "On  tiu*  Idcutity  of  the  J^ody  in  the  Atmosi)hcrc  which 
decomposes  Iodide  of  Potaf^^niin  ^vith  Ozone."  By  Thomas 
Andbbws^  M.D.,  J?\Jl.S.    Beceived  June  20,  1867. 

It  was  aatttiiiod  for  numy  yean,  cliiefly  on  the  authority  of  SdiSnbeiu, 
that  the  body  in  the  stmosphere  which  eoloun  iodide-of*potaBBittm 
paper  is  identical  with  osone;  but  this  identic  has  of  bte  been  called 
in  question,  and  aa  the  suhjeet  is  one  of  considerable  importance,  I 
submitted  it  latclj  to  a  careful  iuTestigation,  the  results  of  which  I  beg 
to  lay  briefly  before  the  Society.  The  only  property  of  ozone,  hitherto 
recognized  as  belonging  to  the  body  in  the  atmosphere,  is  that  of  setting 
free  the  iodine  in  iodide  of  potassium ;  hut  as  other  substances,  such  as 
nitric  acid  and  chlorine,  which  may  possibly  exist  in  the  atmosphere, 
have  the  same  property,  no  certain  conclusion  could  be  drawn  from 
this  alone. 

One  of  the  most  striking  properties  of  ozone  is  its  power  of  oxidizing 
mercury,  and  few  experiments  are  more  striking  than  that  of  allowing 
some  bubbles  of  electrolytic  oxygen  to  play  over  the  surface  of  one  or 
two  pounds  of  mercury.  The  metal  instantly  loses  its  lustre,  its  mo» 
hility,  and  its  convexity  of  surface,  and  when  moved  about  at  adheres  in 
thin  mirror-like  films  to  the  sides  of  the  containing  glass  yessel.  The 
body  in  the  atmosphere  acts  in  the  same  way  upon  pure  mercury ;  but, 
from  the  very  minnte  qiaantity  of  it  which  is  at  any  time  present,  the 
experiment  requires  some  care  in  order  that  the  effect  may  be  observed. 
On  passing  a  stream  of  atmospheric  air,  which  gave  the  usual  reactions 
with  test-paper,  for  some  hours  over  the  surface  of  mercury  in  a  U-tube, 
the  metal  was  distinctly  oxidised  at  the  end  at  which  the  lur  Urst  came 
into  contnct  with  it. 

Thi:^  experiment,  hoVcvcr,  cannot  Tio  roTif^idered  conclusive,  as  mercury 
will  larnish  aud  lose  its  mobility  umkr  the  iuAuenco  of  many  bodies  « 
besides  ozone. 

It  is  well  known  that  all  ozone  roactiuns  disappear  when  ozono 
is  pjiHsed  throiigli  a  tube  containing  pellets  of  dry  peroxide  of  nian- 
ganeec ,  or  otlu  r  body  of  the  «nmo  clasg.  The  same  thing  occurs  with 
the  subrilajice  siip[>()sed  to  be  ozone  in  the  atmosphere.  About  bO  iiUes 
of  atruo^plu  nc  air  were  drawn,  at  a  uniform  rate,  through  a  tube  con- 
taining peroxide  of  manganese,  and  afterw  ard h  made  to  play  upon  verj^ 
delicate  test-paper.  Not  tlie  slightest  coioruiion  occurred,  although  the 
same  paper  was  distinctly  aflected  when  10  litres  of  the  same  air,  with- 
out the  interposition  of  the  manganese  tube,  were  passed  over  it. 

But  the  action  ot  heat  iurnishes  the  most  unequivn  al  proof  of  the  iden- 
tity of  the  body  in  the  atmosphere  with  ozone,  lu  a  lornier  Loninuuii- 
cation  vPiiil.  Traus.  for  I85G,  p.  12)  I  showed  that  ozone,  whether  ob- 
tained by  electrolysis  or  by  the  action  of  the  electrical  brush  upon  oxy- 
gen, is  quickly  destroyed  at  the  temperature  of  287°  C.    An  apparatus 
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was  fitted  up,  by  incaua  of  wbicli  a  etivam  of  atmospheric  air  could  bo 
heated  to  200°  C.  in  a  globular  glass  vessel  of  tbc  capacity  of  5  litres.  On 
leaving  this  vessel,  tlie  air  was  passed  tlu'ough  a  L  -tubc,  one  metre  in 
length,  whoso  sidea  were  inoistencd  iulcrnally  with  water,  while  the 
tube  itself  was  cooled  by  being  immersed  iu  a  vosr-el  of  cold  water.  On 
passing  atmospberic  air  iu  a  favourable  state  tliruugii  this  apparatuii, 
at  the  rate  of  tbree  litres  per  miuuto,  tbe  test-paper  was  disiiiK  tly 
tinged  in  two  or  three  minutes,  provided  no  heat  was  applied  to  the 
glass  globe.  But  when  the  temperature  of  the  air,  as  it  passed  througli 
the  globe,  was  maintained  at  2U0'^  C,  not  tlie  slightest  action  occurred 
upon  the  test-paper,  however  long  the  current  continued  to  pass. 
Similar  experiments  with  au  artiticial  atmosphere  of  ozone,  that  is,  with 
the  air  of  a  largo  chamber  coutaining  a  small  ijuantity  of  electrolytic 
ozone,  gave  precisely  the  same  results.  On  the  other  haud,  when  small 
quantities  of  chlorine  or  nitric  acid  vapour,  largely  diluted  air, 
were  drawn  through  tbe  ii.i,me  apparatus,  the  test-paper  was  e^iuully 
affected,  whether  the  glass  globe  was  beated  or  not. 

From  these  experiments  1  consider  myself  justified  in  concluding 
that  the  body  in  the  atmosphere,  which  decomposes  iodide  of  potassium, 
is  identical  with  ozone. 

XIV.  On  the  Anatomy  of  Balanopiera  rostrata,  Fab."  By  Alex- 
ANDBB  Carts,  M.A.«  M.D,^  F.B.G.S.L>F.L.S.,  M.R.LA.,  &e., 
and  Albxandsr  MACALisTSBy  L.E.G.S.I.|  BemoDstrator 
of  Anatomy,  Royal  College  of  Snrgeonti  Ireland,  &e.  Com- 
municated by  W.  H.  Flowbb,  Esq.   B«cei?ed  Jnne  ftO,  1867. 

(Abstract.) 

In  this  paper  the  authors  give  an  account  of  the  dissection  of  a  young 
female  of  the  Lesser  Fin  or  Piked  Whale,  which  was  captund  €iBt 
Clougher  Head,  Co.  Louth,  Ireland,  on  the  8th  of  May  1863. 

After  describing  its  external  form,  and  giving  accurate  measure- 
ments of  its  various  parts,  the  authors  point  out  some  differences  be- 
tween the  relative  sizes  and  positions  of  the  organs  of  the  animal  as 
contrasted  with  similar  parts  of  those  of  the  same  species  which  bare 
been  recorded  by  previous  writers,  especially  as  regards  the  position  of 
the  dorsal  fin,  which  appendage  seems  to  vary  in  situation  in  different 
individuals  ;  and  sbow,  that  consetiuently  no  value,  as  indicatiye  of 
species,  ought  to  be  attached  to  its  relative  position. 

Tbis  is  followed  b\  a  description  of  tbc  osteology  of  the  animal ;  and 
attention  is  drawn  to  tbe  fact  that  tbc  body  of  the  axis  vertebra  is  com- 
posed, in  part,  by  tbe  disjihiced  body  of  tlic  atlas,  showing  that  what  at 
present  forms  tbe  upper  half  of  the  centrum  of  the  axis,  la  lu  rcaiii^  Liie 
centrum  ui  the  atlas. 
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The  myologj  of  the  different  regions  of  the  animal  has  been  closely 
investigated,  especially  the  rudimentary  musciea  of  the  paddle,  vrhick 
latter  the  authors  have  minutely  examined. 

The  anatomy  of  the  mouth,  pharynx,  and  blowholofi  is  described,  and 
the  mechanism  by  wliich  the  functions  of  reapii  :i(  inn  and  deglutition 
are  performed.  In  connexion  witli  the  larynx,  a  reiniiikablc  muscular 
pouch  is  mentioned  as  existiiifj,  wliich  appenda^^c  is  supposed  by  the 
authors  to  be  accessory  to  the  act  of  expiration,  serving  a  somewhat 
mmilar  office  to  that  of  the  air-reservoir  in  a  double-action  bellowv* 
Directly  in  front  of  the  glottis  there  existed  a  peculiar  hood>like  fold  of 
mucoiiB  membrane  arranged  in  such  a  way  as  to  allow  of  its  being 
drawn  orer  the  orifice,  and  ao  prerent  the  entrance  of  all  foreign  aub* 
etaocee  into  the  respiratory  tract  during  the  aot  of  deglutition. 

The  tongue  was  found  fixed,  as  far  as  its  tip,  by  a  thick  frsnum. 
The  lateral  walls  of  the  submaxillary  cavity  were  thrown  into  folds, 
thereby  admitting  of  considerable  distention,  this  arrangement  being 
peculiarly  adapted  to  the  feeding  requirements  of  the  animal  The 
number  of  baleen  plates  found  in  the  specimen  was  280  on  each  side. 

The  muscles  for  acting  on  the  blowholes  were  srranged  in  three 
strata,  the  superficial  and  deepest  layers  being  used  in  opening,  and  the 
intermediate  one  for  closing  the  nassl  canals. 

The  anatomy  of  the  eye  and  ear  is  fully  described  in  the  original 
paper,  together  with  that  of  the  digestive,  nervous,  and  vascular 
systems ;  in  connexion  with  this  last,  remarkable  vascular  retia  were 
found,  situated  in  the  axillaiy^  submaxillary  and  cervical  regions. 

In  the  preceding  brief  abstract  the  writers  have  endeavoured  to  give 
an  outline  of  their  numerous  observations  on  the  anatomy  of  thi^  Ceta- 
cean, belie>4ng  that  it  presents  many  features  of  novelly  and  interest 
not  hitherto  recorded. 

XV.  "On  the  Distribution  of  the  Fibres  in  the  Miucular  Tunics  of 
the  Stomach  in  Man  and  other  Mammalia.''  By  James  Bbll 
Fbttiobbw^  M.D.  Communicated  by  Geoaom  Bitsk^  Esq. 
Beoetved  June  ftO,  1867. 

(Abstract.) 

Tiie  author  of  the  present  memoir  has  examined  in  succession  the 
siomach  of  the  several  domestic  animals,  the  Whale,  Porpoise,  Bear, 
Puma,  Sloth,  Cnebus  Monkey,  llowliug  Monkey,  Orang-Otang,  Chim- 
pan/.t-e,  and  particularly  Man,  both  in  the  foetal  and  adult  state. 

The  j)lan  ad(([)iod  in  the  cxaiuination  was  to  distend  the  viseu?  im- 
mediately after  iltj  removal  from  the  body  with  water  or  air,  and  view 
it  an  a  transparent  object  ;  to  blanch  the  stomach  by  maceration,  and 
distend  it  with  plaster  of  Paria,  tinted  with  blue,  or  to  stain  the  parietes 
with  rarIiliIlt^  aud  inject  with  white  plaster,  the  object  in  either  case 
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being  to  throw  the  delicate  fibres  into  strong  relief.  By  adopting 
those  methods,  the  aiitlior  has  been  able  to  show  that  the  arrangement 
of  the  fibres  in  the  btomach  remarkably  resembles  that  found  in  "the 
heart*  ami  bladdert.  This  is  particularly  the  case  in  the  human  sto- 
mach, where  the  librcH  arc  most  highly  diiferentiated.  In  it  the  fibres 
pursue  complicated,  but  \\  (  ll-markcd  directions  ;  the  mobt  extertKil  iind 
most  internal  fibres  maiiiiaining  a  more  or  less  longitudinal  course, 
the  deeper  or  more  central  oue^^  becoming  more  and  more  oblique  els 
the  centre  of  the  parietcs  is  reached. 

The  fibres  cross  each  oiiu  v  \s  ith  great  regularity,  both  from  without 
and  from  within,  the  longitudiiml  intersecting  the  very  oblique  ai  nearly 
rif^ht  angles,  the  aliglitly  oblique  and  oblique  at  more  acute  angles.  The 
Blightly  ol)licjue,  oblique  and  rery  oblique  fibres  are  spiral  in  their 
nature,  and  form,  or  tend  to  form,  figure-of-S  loops.  These  loops  are 
directed  towards  the  greater  and  lesser  curvatures  of  the  stomach,  but 
are  also  traceable  on  the  great  cid-de-sac  or  fundus,  and  on  the  lesser 
eul-dc  sae  or  antrum  pylori.  As  a  result  of  the  looped  distribution  of 
tlie  fibres,  the  root  of  the  oesophagus  and  the  pylorus  are  invested  with 
oblique  and  very  oblique  spiral  fibres,  arranged  syninietrically  in  two 
sets.  These  fibres  pursue  opposite  directions,  and  surround  the  entrance 
into  and  exit  from  the  stoniacli  atter  the  manner  of  sphincters.  The 
croMing  and  looping  of  the  fibres  extends  also  to  the  body  of  the  viscus, 
and  shows  that  the  so-called  circular  layer  is  in  reality  composed  of  very 
oblique  spiral  fibres,  intersecting  at  very  obtuse  angles. 

The  fibres  are  arranged  in  difierent  planes  or  strata,  and  may  be 
divided  into  external  and  internal  sets.  These  are  united  to  each  other 
hj  a  mutual  interchange  of  fibrous  filaments ;  and  the  fibres  of  the 
several  strata  interweave  to  a  slight  extent,  so  that  the  term  layer  must 
be  used  in  a  lestricted  sense.  The  layers  are  indicated  hy  the  prevail- 
ing direction  of  the  fibres,  and  are  something  like  seven  in  number, 
ihree  eitemal  and  tliiee  internal,  with  an  intennediato  or  central  layer 
between. 

The  fibres  having  the  same  direetion,  are  in  some  instaiicea  ttiongly 
developed  at  one  part  of  their  course,  and  feebljr  at  another.  Thcj  even 
become  gradually  attenuated,  until  they  are  no  longer  disoentible.  The 
muscular  coat  of  the  stomach  is  thickest  towards  the  pjlorusj  and  root 
of  the  cesophagus ;  then  along  the  lesser  curvature  on  either  side  of  the 
mesial  line ;  then  along  the  greater  eurvature.  It  is  thinnest  on  the 
anterior  and  posterior  surfaces,  and  towards  the  cardiac  end. 

*  **Ob  Ow  Ammgemtfnt  of  fhs  HoMular  FibfM  in  Ae  TantridM  of  Um  TtrCdImto 

Heart,  with  Physiologicsl  Bemirks,"  by  the  author,  Phil.  Tran».  part  3. 1864^  p.  44&. 

t  "  On  thp  Mu^rtihir  Arranj!j«»mpnN  of  tlie  Bludder  and  Prostatf,  m:f]  thn  inann«r  in 
which  the  Urott-rs  ami  t^rcllira  fir<^  rlosnxl,'"  by  the  niirhor.  I'liil. '1  riM'^  j.irt  I.  IS07. 

X  In  the  atomauh  of  the  Bear  tiio  whUb  of  the  autruiu  pylori  are  lulij  a  i^uarter  of  an 
inckm  flucknewi. 
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The  gradual  diminution  in  the  tbickneBi  of  the  ooot  of  the  stomaeh 
ui  oecaoimed  by  the  fibres  of  one  layer  or  stratom  radiating  and  be- 
coming more  and  more  deUcate,  while  those  of  another  and  opposite 
layer  conrerge  and  become  stronger  and  stronger ;  it  usually  happening 
that  the  stronger  fibres  supplement  the  .weaker  ones,  so  that  the  parietes/ 
although  not  of  uniform  thickness,  are  not  suddenly  strong  and  weak  in 
parfcs»  bat  graduated.  The  only  sudden  thickening  occurs  in  the  shape 
of  two  ridges  which  run  along  the  IcBser  curvature  about  an  inch  apart. 
The  ridges  in  question  are  very  distinct  in  the  stomach  of  the  Cat. 
They  can  also  be  detected  in  a  modified  form  in  the  stomach  of  the 
Monkey  and  of  Man. 

The  dissections  on  which  the  above  commninfation  is  based  are  pre- 
uerved  in  the  Museum  of  the  Hoyal  College  of  Surgeons  of  England ; 
and  the  paper  is  illii^tnitrd  by  numcrouii  original  figures  showing  the 
distnbiit  ioii  of  the  librea  m  the  stomachs  of  the  Herbivora,  Caruivora; 
and  Qm^tvora. 

XVI.  "On  a  Self-acting  Apparatus  for  multiplying  and  maintain- 
ing Electric  Charges^  with  applications  to  illustrate  the  Voltaic 
Theory."  By  Sir  W.  Thom80n,  F.R.S.,  Glasgow  Univenity. 
Beccived  June  19,  1867. 

In  explaining  the  water-dropping  eolleetor  for  atmospheric  electricity, 
in  a  lecture  in  the  K  \v:il  Institution  in  IbGO,  I  pointed  out  how,  by 
disiiir^uluting  the  watcr-jar  and  collecting  the  drops  in  an  insulated 
vessel,  a  self-a^-ting  electric  condenser  is  obtained.  If,  owing  to  elec- 
trified bodies  in  the  neighbourhood,  the  potential  in  the  air  round  the 
place  where  the  stream  breaks  into  drops  is  positive,  the  drops  fall 
away  negatively  electrified ;  or  tieevenAy  if  the  air  potential  is  negative, 
the  drops  &U  away  positirely  electrified.  The  stream  of  water  descend- 
ing does  not  in  any  way  detract  from  the  charges  of  the  electrified 
bodies  to  which  its  electric  action  is  due,  provided  slways  these  bodies 
are  kept  properly  insulated;  but  by  the  dynamical  energy  of  fluid- 
motion,  and  work  performed  by  gravity  upon  the  desoending  drops, 
dectricify  may  be  nnoeasingly  prodooed  on  the  same  principle  as  by 
the  ekctrophorus.  But^  aa  in  the  eleetrophorua,  there  was  noprorision 
except  good  insulation  for  maintaining  the  charge  of  the  electrified 
body  or  bodies  from  which  the  induction  originates.  This  want  is 
supplied  by  the  following  redprocal  arrangem^t,  in  which  the  body 
charged  by  the  drops  of  water  is  made  the  inductor  for  another  stream, 
the  drops  from  which  in  their  turn  keep  up  the  charge  of  the  inductor 
of  the  first. 

To  stems  connected  with  the  inside  coatings  of  two  Leyden  phials 
are  connected  metal  pieces,  which,  to  avoid  circumlocution,^  I  shall  call 
indaetors  and  feeeirers*  Each  stem  bears  an  inductor  and  a  receiver 
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the  inductor  of  the  first  jar  being  verlii-ally  over  the  receiver  of  the 
eecoiid  jar,  and  vice  versd.    Each  inductor  consists  of  a  vertical  metal 


Kg.l. 


cylinder  (fig.  1),  open  at  each  cud.    Bach  receiver  con- 
sists of  a  vertical  nu'tal  cylinder  open  at  each  end,  but 
partially  stopped  in  its  middle  by  a  bniall  funnel  (fig.  1). 
with  its  narrow  mouth  pointing  downwards,  and  situated  a 
little  below  the  middle  of  the  cylinder.    Two  fine  vertical 
streams  of  uninsulated  water  are  arranged  to  break  into 
drops,  one  as  near  as  may  be  to  the  centre  of  each  inductor. 
Tlie  drops  fall  along  the  remainder  of  the  axis  of  the  in- 
ductor, and  thence  downwards,  along  the  upper  part  of  the 
axis  of  the  receiver  of  the  other  jar,  until  they  meet  the 
funnel.    The  water  re-forms  into  drops  at  the  fine  moutli 
of  the  fuuni'l,  which  fall  along  the  lower  part  of  the  axis  of 
the  receiver  and  are  carried  oft*  by  a  proper  dram  below 
the  apparatus.    Suppose  now  a  small  positive  charge  ol 
electricity  be  given  to  the  first  jar.   It^  inductor  electrifies 
negatively  each  drop  of  water  breaking  away  lu  it  -  (  cntre 
from  the  continuous  uninsulated  water  abos  e ;  all  these 
drops  give  up  their  electricity  to  the  second  jar.  when  they 
meet  the  funnel  in  its  receiver.    The  drops  lUiliug  away 
from  the  lower  fine  mouth  of  the  funnel  carry  aw;iy  v\' 
cessively  little  electricity,  however  highly  the  jar  may  be  charged; 
because  the  place  where  they  break  away  is,  as  it  were,  in  the  in- 
terior of  a  conductor,  and  therefore  has  nearly  zero  electrification. 
The  negative  electrification  thus  produced  in  the  second  jar  acts, 
through  its  inductor,  on  the  receiver  of  the  first  jar,  to  augment  the 
positive  electrificatiou  of  the  first  jar,  and  causes  the  negative  elec- 
trification of  the  second  jar  to  go  on  laure  rapidly,  and  so  on.  The 
dynamical  value  of  the  electrifications  tlius  produced  is  drawn  from  the 
energy  of  the  descending  water,  and  is  very  approximately  equal  to  the 
integral  work  done  by  gravity,  against  electric  force  on  the  drops  in 
their  path  from  the  point  where  they  break  away  from  the  uninsulated 
water  above,  to  contact  with  the  funnel  of  the  receiver  below.    In  the 
first  part  of  this  course  eacli  drop  will  be  assisted  downwards  by  electric 
repulsion  from  the  inductively  electrified  water  and  tube  above  it ;  but 
below  a  certain  point  of  its  course  the  resultant  electric  force  upon  it  will 
be  upwards,  and,  according  to  the  ordinary  way  of  Tiewing  the  compo- 
mtionof  dteefcric  forces,  may  be  regarded  as  being  at  first  chiefly  upward 
repulsion  of  the  receiyer  diminished  by  downward  repulsion  from 
tbe  water  and  tube,  and  latterly,  tbe  sum  of  upward  repulsion  of  tbe 
receiyer  and  upward  attraction  of  the  inductor.   The  potential  method 
gives  tbe  integral  amount,  being  tbe  excess  of  work  done  egaimti  dectric 
foroOi  above  work  performed  hjf  electric  force  on  each  drop  in  its  wbole 
path.   It  is  of  course  e^ual  to  m  Y»  if  m  denote  tbe  quantity  of  elecs* 
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tricity  carried  by  each  drop,  as  it  breaks  from  the  continuous  water 
above,  and  V  the  potential  of  the  inner  coating  of  the  lower  jar,  the 
potential  of  the  uninsulated  water  being  taken  as  zero.    The  practical 

Fie:.  2. 


limit  to  the  charges  acquired  is  either  when  one  or  other  of  them  is  so 
strong  as  to  cause  sparks  to  pass  across  some  of  the  separating  air-spaces, 
or  to  throw  the  drops  of  water  out  of  their  proper  course  and  cause 
them  to  fall  outside  the  receiver  through  which  they  ought  to  pass. 
It  is  curious,  after  commencing  with  no  electricity  except  a  feeble 
charge  in  one  of  the  jars,  only  discoverable  by  a  delicate  electrometer, 
to  see  in  the  course  of  a  few  minutes  a  somewhat  rapid  succession  of 
Bparks  pass  in  some  part  of  the  apparatus,  or  to  see  the  drops  of  water 
scattered  about  over  the  lips  of  one  or  both  the  receivers. 

The  Ley  den  jars  represented  in  the  sketch  (fig.  2)  are  open-mouthed  jars 
of  ordinary  flint  glass,  which,  when  very  dry,  I  generally  find  to  insulate 
electricity  with  wonderful  perfection.  The  inside  coatings  consist  of 
strong  liquid  sulphuric  acid,  and  heavy  lead  tripods  with  vertical  stems 
projecting  upwards  above  the  level  of  the  acid,  which,  by  arms  projecting 
horizontally  above  the  lip  of  the  jar,  bear  the  inductors  and  receivers  as 
shown  in  fig.  2.  Lids  of  gutta  percha  or  sheet  metal  close  the  mouth 
of  each  jar,  except  a  small  air-space  of  from  ^  to  ^  of  an  inch  round  the 
projecting  stems.  If  a  tube  (fig.  3)  be  added  to  the  lid  to  prevent 
currents  of  air  from  circulating  into  the  interior  of  the  jar,  the  in- 
sulation may  be  so  good  that  the  loss  may  be  no  more  than  one  per 
cent,  of  the  whole  charge  in  three  or  four  days.    Two  such  jars  may  be 
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kept  permanently  charged  from  year  to  year  by  very  slow  water-dropping 
arrangements,  a  drop  from  each  uozzle  once  every  two  or  three  minutea 
being  quite  sufficient. 


*  The  mathematical  theory  of  the  action  appended  below  •  is  particu- 
larly simple,  but  nevertheless  curiously  interesting. 

The  reciprocal  electrostatic  arrangement  now  described,  presents  an  in- 
teresting analogy  to  the  self-sustaining  electromagnetic  system  recently 
brought  before  the  Royal  Society  by  Mr.  C.  \V.  Siemens  and  Pro- 
fessor Wheatstone,  and  mathematically  investigated  by  Professor  Clerk 
Maxwell.  ludeed  it  was  from  the  fundamental  principle  of  this  electro- 
magnetic system  that  the  reciprocal  part  of  the  electrostatic  arrange- 
ment occurred  to  me  recently.  The  particular  form  of  self-acting  electro- 
phoruB  condenser  now  described,  I  first  constructed  many  years  ago. 

•  Let  c'  bo  the  capacitiea  of  the  two  jara,  /,  /'  their  rates  of  loss  per  unit  potential 
of  charge,  per  unit  of  time,  and  D.  D'  the  values  of  the  watcr-droppers  influenced  by 
them.  Let  +  t;  and  — be  their  potentials  at  time  f  ;  v  and  r'  being  both  of  one  sign, 
in  the  ordinary  use  of  the  apparatus  described  in  the  text.  The  action  ia  expressed  by 
the  following  equations,  • 

dt  '  dt 

If  c,  D,  /,  D',  /'  were  all  constant  the  solution  of  these  equations  would  be,  for  the 
caae  of  commencing  with  the  Brst  jar  charged  to  potential  I.  and  the  second  lero, 

c'(p-<r)  »  ''"^cV-iT)' 

with  the  corresponding  symmetrical  exprcKsion  for  the  cafe  in  which  the  second  jar  ia 
charged,  and  the  second  at  xero,  in  the  beginning  ;  the  roots  of  the  qiuulmtio 

(cT+0(<^'x-|-^)-DD'=0 
being  denoted  by  p  and  <r.    When  IV  >  DD',  both  roots  ore  negative ;  and  the  electrifl- 
cotion  comes  to  lero  in  time,  whatever  may  be  the  initial  charges.    But  when  //'  <  DD', 
one  root  is  positive  and  the  other  negative ;  and  ultimately  the  charges  augment  in  pro- 
portion to  c^'  if  p  be  the  positive  root. 
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I  may  take  this  opportunity  of  describing  an  application  of  it  to  illus- 
trate a  very  important  fundamental  part  of  electric  theory.  I  hope 
soon  to  communicate  to  the  Royal  Society  a  description  of  some  other 
experiments  which  I  made  seven  years  ago  on  the  same  subject,  and 
■which  I  hope  now  to  be  able  to  prosecute  further. 

Using  only  a  single  inductor  and  a  single  receiver,  as  shown  in  fig.  1, 
let  the  inductor  be  put  in  metallic  communication  with  a  metal  vessel 
or  cistern  whence  the  water  flows ;  and  let  the  receiver  be  put  in  com- 
munication with  a  delicate  electroscope  or  electrometer.  If  the  lining 
of  the  cistern  and  the  inner  metallic  surface  of  the  inductor  be  different 
metals,  an  electric  effect  is  generally  found  to  accumulate  in  the  receiver 
and  electrometer.  Thus,  for  instance,  if  the  inner  surface  of  the  in- 
ductor be  dry  polished  zinc,  and  the  vessel  of  water  above  be  of  copper, 
the  receiver  acquires  a  continually  increasing  charge  of  negative  elec- 
tricity. There  is  little  or  no  effect,  either  positive  or  negative,  if  the 
inductor  present  a  surface  of  polished  copper  to  the  drops  where  they 
break  from  the  continuous  water  above :  but  if  the  copper  surface  be 
oxidized  by  the  heat  of  a  lamp,  until,  instead  of  a  bright  metallic  sur- 
face of  copper,  it  presents  a  slate-coloured  surface  of  oxide  of  copper 


Fig.  4. 


to  the  drops,  these  become  positively  electrified,  as  is 
proved  by  a  continually  increasing  positive  charge  ex. 
hibitcd  bv  the  electrometer.  When  the  inner  surface 
of  the  inductor  is  of  bright  metallic  colour,  either  zinc 
or  copper,  there  seems  to  be  little  difference  in  the 
effect  whether  it  be  wet  with  water  or  quite  dry  ;  also 
I  have  not  found  a  considerable  difference  produced  by 
lining  the  inner  surface  of  the  inductor  with  moist  or 
dry  paper.  Copper  filings  falling  from  a  copper  funnel 
and  breaking  away  from  contact  in  the  middle  of  a 
zinc  inductor,  in  metallic  communication  with  a 
copper  funnel,  as  shown  in  fig.  4,  produces  a  rapidly 
increasing  negative  charge  in  a  small  insulated  can 
catching  them  below. 

The  quadrant  divided-ring  electrometer  •  indicating, 
by  the  image  of  a  lamp  on  a  scale,  angular  motions 
of  a  small  concave  mirror  of  a  grain  in  weight)  such  as  I  use  in 
galvanometers,  is  very  convenient  for  exhibiting  these  results.  Its  sen- 
sibility is  such  that  it  gives  a  deflection  of  100  scale-divisions  {^j^  of 
an  inch  each)  on  either  side  of  zero,  as  the  effect  of  a  single  cell  of 
Danieirs ;  the  focusing,  by  small  concave  mirrors,  supplied  to  me  by  Mr. 
Becker  being  so  good  that  a  deflection  can  easily  be  read  with  accuracy 
to  a  quarter  of  a  scale-division  By  adopting  Peltier's  method  of  a  small 
magnetic  needle  attached  to  the  electric  moveable  body  (or  "  needle  "), 

•  See  Nichol'B  Encyclopflpdia,  18fi0,  article  "Electricity,  Atmospheric :"  or  Proceeding* 
of  the  Rojal  Institution,  Alaj  I860 ;  lecture  on  Atmospheric  Electricity. 
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and  by  nnng  fixed  steel  magneto  ontoide  the  instrument  to  give  dureeting 
foroe  (instead  of  the  glass  fibre  suspension  of  the  diTided*ring  electro- 
metera  deseribed  in  the  artidea  refeiTed  to),  and  by  giving  a  meaaumble 
motion  bj  means  of  a  micrometer  screw  to  one  of  the  quadranto,  I 
have  a  few  weeks  ago  succeeded  in  making  fhis  instrument  into  an  in* 
dependent  electrometer ;  instead  of  a  mere  electroscope,  or  an  electro- 
meter in  virtue  of  a  separate  gauge  electrometer,  as  in  the  Kew  recording 
atmospheric  electrometer,  described  in  the  Boyal  Institntion  lecture. 

Beverting  to  the  arrangement  described  above  of  a  copper  vessel  of 
water  discharging  water  in  drops  £rom  a  noule  thro\igh  an  inductor  of 
sine,  in  metallic  connexion  with  the  eo^ipWj  let  the  receiver  be  connected 
with  a  second  inductor,  this  inductor  insulated ;  an4  let  a  second  noszl^ 
from  an  uninsulated  stream  of  water,discharge  drops  through  it  to  a  second 
receiver.  Let  this  second  receiver  be  connected  with  a  third  inductor  used 
to  electrify  a  ihird  stream  of  water  to  be  caught  in  a  third  receiver,  and 
so  on.  We  thus  have  an  ascending  scaJe  of  electrophorus  action  ana* 
logons  to  the  beautiful  mechanical  electric  multiplier  of  Mr.  C.  P.  Yarlej, 
with  which,  by  purely  electrostatic  induction,  he  obtained  a  rapid  suc- 
cession of  sparks  from  an  ordinary  single  voltaic  element.  This  result 
is  easily  obtained  by  the  self-acting  arrangement  now  described,  with 
the  important  modification  in  the  voltaic  element,  according  to  which  no 
chemical  action  is  called  into  play,  and  work  done  by  gravity  is  substi* 
tuted  for  work  done  by  the  combination  of  chemical  elements. 

XVII.  "Note  on  the  Calculus  of  Chemical  Operations." 
By  Professor  Williamson.    Received  June  20,  1867- 

XVIII.  Inferences  and  Suggestions  in  Cosmical  and  Geological  Philo* 
aophy. — Second  Series.»On  the  Luminous  Atmosphere  of 
the  Sun,  exterior  to  the  Photosphere  ;  *  and  on  the  Proibalnlity 

that  the  Monochromatic  Spectra,  from  whicli  Mr.  Huggins  has 
inferred  the  Gaseous  Constitution  of  certain  Nebulae,  are  due  in 
reality  to  the  Luminous  Atmospheres  of  their  conRtituent  Stars  or 
Suns."  By  E.  W.  Bhaylev,  F.R.S.,  F.ll.A.S.,  Professor  of 
Physical  Geography  and  Meteorology  in  the  Loudon  Institution. 
Aeceived  June  20, 1807. 

The  Society  then  adjourned  over  the  Long  Vacation  to  Thursday, 
November  21. 
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L  '*  On  the  Colourini:^  and  Extractive  Matters  of  Urine.'' — Part  I. 
£y  Edward  Scuunck,  F.R.S.   Beceived  June  29,  1BG5.^-. 

Of  all  the  animal  teeretioiu  nrioe  ia  aadoabtedly  one  of  the  moat 
important.  Its  varying  propertieit  in  health  as  well  as  in  disease,  the 
frequency  with  which  it  is  emitted,  and  the  consequent  fadlitj  with  which 
it  msy  be  submitted  to  examination,  render  it  inTalusble  to  the  physiolo* 
gist  «id  pathologist  as  n  means  of  throwing  ]%ht  on  the  processes,  either 
healthy  or  morbid,  going  on  within  the  body.  Its  study  has  therefore 
engaged  the  attention  of  physicians  since  the  earliest  times,  and  of  chemists 
Ifom  the  period  when  chemical  analysis  was  first  employed  in  the  exami* 
nation  of  natural  objects.  Notwithstanding  the  labour  bestowed  on  tho 
subject  by  many  eminent  men  during  the  past  sixty  years,  it  is  still,  how- 
erer,  far  from  being  exhausted.  There  are,  indeed,  portions  of  the 
chemistry  of  urine  concerning  which  our  iguorauce  is  almost  complete* 
It  is  one  of  these  obscurer  parts  of  the  subject  that  I  have  endeavoured  to 
clear  up,  and  I  hope  to  succeed  in  showing  that  I  hare  added  at  least  a 
few  facts  to  the  sum  of  our  prerious  knowledge. 

Of  all  the  properties  of  urine  none  is  more  obvious,  even  to  the  ordinary 
ebserrer,  than  its  colour.  The  variations  in  tint  which  it  exhibits  at 
different  times  arc  striking,  even  to  the  unpractised  eye,  nnd  they  some- 
times  serve  as  iinportnnt  indications  to  the  pliyicinn.  Nevertheless  con- 
cerning the  chemical  nature  of  the  substances  to  wbicli  its  colour  is  due 
very  little  i«!  known.  Our  ignorance  on  this  subject  may  be  ascnlx  d  to 
Tfirtoii??  causes.  In  the  first  place,  some  of  these  substances  occur  in  the 
urine  only  occasionally,  and  in  very  minute  quantities,  so  that  the  prepa- 
ration oi  a  quantity  suiiicient  for  chemical  examination  becomes  difficult 
and  even  impossible,  especially  when  the  unne  containing  them  is  not 
nlniudant.  Secondly,  it  has  been  found  that  some  of  them  are  very  easily 
decomposed,  so  much  so  that  the  mere  heat  required  for  the  ev;i|K)r;iLniii 
of  the  urine  seems  to  be  sufficient  to  effect  a  change  in  tiieir  piupti lies 
and  composition.  It  therefore  becomes  doubtful,  after  a  long  process  has 
l>een  gone  through  for  the  purpose  oi  separating  any  colounag-iuatter  from 
the  other  constituents  of  the  urine  (a  process  in  which,  perhaps,  strong 
chemical  reagents  have  been  employed),  whether  the  substance  procured 
was  originally  contained  as  such  in  the  urine,  or  is  not  rather  a  product 
resulting  from  the  decomposition  of  some  other  substance  or  subatauoes* 
Thirdly,  sereral  of  the  bodies  colourit^^  the  urine  possess  Tcry  few  charac- 
teristic properties.  They  are  amorphous  and  syrup-like,  and  they  retain 
water  with  so  much  pertinacity  that  on  attempting  to  dry  them  they 
undergo  decomposition.  Neither  their  compounds  nor  their  products  of 
decomposition  exhibit  any  distinguishing  characterbtics.  They  belong  to 
a  class  on  which,  for  want  of  a  better,  the  name  extractive  matter  has  been 
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•  conferred.  With  some  cliemlst*!,  to  call  a  body  an  extractive  matter  is  to 
place  it  among  a  class  which  is  held  to  be  unworthy  of  minute  examiaa- 
tion.  To  others  the  name  extractive  matter  is  merely  a  convenient  word 
for  a  miNtiire,  boiiiitimes  occurring  in  nature,  of  certain  definite,  perhaps 
CTen  crystallized  substances,  which,  by  appropriate  inc  ans,  may  be  resolved 
into  its  constituent*!,  and  thus  be  made  to  disappear  entirely  from  the  list 
of  definite  chemical  bodies.  As  regards  the  extractive  matter  of  urine,  this 
view  may  to  Bome  extent  be  justified,  when  we  recollect  tliat  from  what 
was  considered  to  be  extractive  matter  sixty  years  ago,  such  well-cjliaracter* 
ized  substances  as  urea,  hippuric  acid,  and  creatine  have  been  successively 
eliminated  ;  and  it  is  therefore  natural  to  expect  that  by  further  research 
it  w  ill  be  fonmi  to  contain  others  of  the  same  nature.  I  believe  this  view 
to  be  erroneous ;  and  I  shall  succeed,  I  hope,  in  showing  that,  after  having 
removed  from  the  extractive  matter  of  urine  everything  which  can  assume 
a  definite  form,  there  remains  a  residuum  whicii  cannot  be  further  resolved 
without  decomposition.  Still,  any  one  holding  this  view  is  not  likely  to 
undertake  the  investigation  of  extractive  matters  as  such,  unless  it  be  for 
the  purpose  of  obtaining  something  which  may  be  supposed  to  be  coiUiiined 
in  them.  Lastly,  the  properties  of  these  colouring  and  extractive  matters, 
however  important  they  may  be  to  the  physiologist  and  pathologist,  pre- 
sent so  little  that  is  interesting  to  the  chemist,  that  the  latter  would  j  ro- 
bably  not  occupy  hiinself  with  their  exanunation  unless  for  some  particular 
purpose.  For  myself,  I  Iraukly  confess  that,  had  I  not  liail  a  special 
object  ill  A  lew,  thiji  investigation  would  not  have  been  undertaken.  The 
iiit'orniHtion  tor  the  sake  of  which  it  was  commenced  having  been  obtained, 
1  should  then  have  abandoned  ail  turther  inquiry,  bad  I  not  found 
reason  to  suppose,  in  the  course  of  my  experiments,  that  a  :nore  extended 
investigation  would  lead  to  results  interesting  from  a  phviiiologieal  point  of 
view.  My  endeavours  have,  I  think,  been  attended  with  some  measure  of 
success;  and  should  physiologists,  on  becoming  acquainted  with  the  results, 
be  of  the  same  opinion,  my  labour  will  not  have  been  quite  in  xnin. 

The  colouring-matters  which  occurr  in,  or  have  been  obtained  frooi, 
urine  mav  be  divided  into  three  classes,  viz. : — 

1st.  Those  which  are  only  found  occasionally  in  it,  in  conset^uence 
cither  of  disease  or  of  some  abnormal  state  of  the  system. 

2ndly.  Those  which  are  produced  by  spontaneous  decomposition,  or  bj 
the  action  of  reagents  on  substances,  either  coloured  or  colourless,  pre- 
existing in  the  urine. 

3rdly.  The  eolouring  mattcr  or  matters  occiirriog  in  normal  urioe,  and 
to  which  its  usual  colour  is  due. 

A  few  remarks  on  the  present  state  of  our  knowledge  on  these  three 
classes  of  pigments,  as  derived  from  the  labours  of  my  predecessors  as  well 
as  my  own,  may  not  be  out  of  place. 

I.  The  abnormal  colouring-matters,  which  arc  found  ready  formed  in 
the  uriue,  may  either  be  peculiar  to  iiiQ  secretion,  or  their  presence  may  be 
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due  to  ao  adnuxtnre  of  blood,  btlot  or  milk^  cawing  the  urine  to  asiume 
various  ahadet  of  nd,  greea,  or  white«  The  latter,  as  well  as  those  which 
make  their  appearance  in  oonseqaenoe  of  the  administration  of  certain 
drags,  I  leave  entirely  out  of  eonsideration.  The  othen^  or  those  peculiar 
to  urine,  may  beconvenientlj  divided,  acoordmg  to  their  colour,  into  three 
classes^  vii.,  blue,  purple  or  red,  and  Uaek  or  brown  colouring-matters. 

The  a^Marance  of  a  blue  colourin^matter  in  urine  has  been  frequently 
observed  both  in  ancient  and  modem  times.  Cases  of  its  oceurrenoe  have 
been  recorded  by  Janus  Plancus*,  Delensj',  Spangenberg:^;  Proqt§, 
Simon  ||,  Braoonnot^,  Jolia-Fontenelle  **,  Cantutt,  jBeins<ih|t»  and  Da 
Mcail  §f .  In  nil  these  cases  the  urine  yielded  a  deposit  varying  in  colour 
from  date*grey  to  light  blue,  or  even  dark  blue,  consbting  of  n  blue  colour* 
ing-matter  generally  mixed  with  earthy  phosphates.  The  colouriQ|^ 
matter,  after  bcin^  separated  Arom  the  impurities  with  whioh  it  was  con'* 
-  taminated,  was  in  most  of  these  cases  found  to  have  so  many  properties  in 
common  with  indigo-blue  that  several  observers,  such  %s  Prout  and  SimoD* 
seemed  to  have  no  doubts  concerning  its  identity  with  the  latter.  It  wai^ 
for  instance,  insoluble  in  water,  but  somewhat  soluble  in  alcohol  and  ether. 
It  was  destroyed  by  nitric  acid,  but  was  not  affected  by  other  acids,  except 
concentrated  sulphuric  acid,  with  which  it  yielded  a  blue  solution.  It  was 
not  dissolved  by  alkalies,  except  when  some  reducing  agent,  such  ns  grnpe- 
sugnr,  was  added  at  the  same  time.  It  then  dissolved,  hut  was  again  de-  , 
posited  from  the  solution  on  exposure  to  the  air.  On  beiug  heated,  it 
yielded  a  vifjlet-coloured  vapour.  Julia-Fontenclle  and  Cantu,  however, 
TTiaiiUain  that  the  colour  in  the  cases  examined  by  them  was  due  to  prus- 
sian  blue;  and  Angeiini  ||||  suggests  that  it  may  possibly  be  ascribed  to 
phosphate  of  iron.  Lastly,  Braconnot  has  descriljed  a  Idue  colouring- 
matter  obtaincfl  from  urine,  which,  if  his  ohservatiuiia  arc  correct,  difl'era 
entirely  from  all  other  pigments  d^^rivcd  irom  (he  same  source.  Liko 
indigo-blue  it  was  iii>i  lublc  in  water  and  alkalies,  and  only  slightly  soluble 
in  boiling  alcohol  ;  but,  on  the  other  hand,  it  dissolved  with  case  in  rlilute 
acids,  forming  solutions  of  a  brownish-yellow  colour,  which,  oii  llie  addi- 
tion of  an  excess  of  acid,  assumed  a  brilliant  red  tint.  From  its  soluLiou 
iu  acid  it  was  precipitated  bv  alkalies  and  alkaline  earths.  To  this  colour* 
iug-inatter  iirucuunut  gave  llm  name  of  ci/aiwui  ine.    Since  his  time,  how« 

*  ComnMotuni  InsUtuti  Bononiensi  ad  ann,  1767. 

t  Schwcigger*8  Journal  f.  Physik  o.  Ghemiek  B>  xxiii.  8. 262. 

♦  Ibid.  B.  xlrii.  S.  4^7. 

S  On  Stomach  and  Kenal  Diseases,  5tb  ed.,  p.  ^7. 

I  Amon'i  An'unal  Chemistry,  translated  by  Day,  vol.  U.  pp.  274  k  327. 

%  AimalM  da  Chimia  et  d*  Physique,  t  xdx.  p.  253. 

An  hives  g^n^ndesde  MMecino,  t.  ii.  p.  IOC 
ff  Mem«'irf<^  (Ic  rAradcmic  Rnynl  tlo  Turin. 
tt  .Trihrbucli  f.  Prac-t  .  I'liarm.,  B.  riii.  S.  93. 

ArchiT  d.  Fharm.,  B.  xxxix.  S.  48. 
Ull  Oiora.  di  Pim«e,  Dee.  n.  t;  Tiii.  (1885). 
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ever,  no  one  hns  obtained  any  substance  from  urine  having  exactly  the 
SR?no  properties.  The  urines  which  deposit  the  blue  col  jiiring-matter  are 
not  found  to  exhibit  any  peculiarities  in  other  respects,  nor  does  the  deposit 
appear  to  be  characteristic  of  any  pccuhur  class  of  diseases.  It  seems 
occrtsionally  even  to  make  its  appearance  during  a  state  of  perfect  health. 
Sometimes  the  deposit  seems  to  contain  also  another  colourmg-imUtLT, 
more  easily  soluble  in  alcohol  and  ether,  to  which  it  commuuiottes  a  tiue 
purple  colour. 

The  deposits  of  urate  of  ammonia  and  urate  of  soda,  which  arc  formed 
in  iiii!ie  during  fever  and  other  diseases,  are  always  found  to  exhibit 
(lillViint  shades  of  red,  varying  from  pink  to  carmine.  To  what  this 
colour  is  to  be  attributed  has  not  yet  been  satisfactorily  ascertair.ed. 
Proust*,  who  was  the  first  chemist  to  examine  these  deposits,  thought 
that  he  had  discovered  in  them  a  peculiar  coloured  aciJ,  which  he  called 
rosiuic  acid.  It  is  almost  certain,  however,  thai  llie  acid  properties  of 
this  body  were  due  to  an  admixture  of  uric  acid.  Indeed,  VaiKjiu  im,  all.  i 
an  examuiation  of  this  so-called  acid,  anivid  at  the  cuuilualoii  th;it  it  visn 
a  compound  of  ordinary  uric  acid  with  an  intensely  red  colon  ring-matter. 
Vogelf,  it  is  true,  professed  Lj  have  obtained  pure  rosacic  acid  by  treating 
the  crude  (ieposits  with  boiling  alcohol^  but  as,  accoiding  to  him,  it  is  con- 
verted with  f;rLat  facility  into  uric  lu  id  by  the  action  of  sulphuric  and 
nitric  acid,  it  is  very  piubablc  that  liis  substance  still  rontaincd  some  of 
the  latter  acid,  and  that  the  supposed  convi  rsion  consisted  merely  in  a 
destruction  of  the  organic  colouring- matter,  rrumiicrz  and  Gugert  J  also 
made  some  experiments  with  these  red  deposits,  from  which  they  infer 
that  rosacic  acid  consists  of  a  neutral,  red  extractive  colouring-matter, 
mixed  with  uric  acid  and  urate  of  soda,  which  may  be  separat  ed  by  treat- 
ing the  mixture  first  with  water  and  then  with  warm  alcohol,  wliich  dis- 
solves the  colouring-matter.  The  latter,  after  i)eiii2:  thus  separated  from 
the  other  constituents,  no  longer  yields  uric  acid.  Pi  out  §  suggested  that 
the  colour  of  the  red  deposits  might  be  due  to  purpuratc  ol  ammonia,  the 
purpuric  acid  being  formed  in  some  unexplained  niaiiuer  by  the  action  of 
nitric  acid  on  a  portion  of  the  uric  acid  contained  in  them.  To  this  it 
was  objected  by  Berzelius  ||  that  purpuratc  of  ammonia  is  insoluble  in 
ilcobol.  He  mixed  urate  of  ammonia  with  a  solution  of  a  purpuratc  in 
acetic  acid,  which  does  not  destroy  the  colour,  and  he  observed  that  the 
precipitated  uric  acid  acquired  a  pale  pink  colour  closely  resembling  that 
of  the  ttrlnary  deposits ;  but  this  colour  was  not  removed  by  boiling  alcohol, 
in  which,  on  the  contrary,  the  colouring- matter  of  the  red  deposits  is  easily 
Boloble*  Duvernoy  H  asserts  that  he  succeeded  in  preparing  a  colouring- 
matter  identical  with  that  of  the  red  deposits  by  evaporating  ordinary 

•  Annalcs  do  Chiniie,  t.  xxxvi.  p.  265.      t  Ibid.  t.  xcvi.  p.  .'Uk>. 

J  Schweiggcr's  Journal.  B.  I.  S.  199.        §  Annals  of  Philoflopliy,  vol  XT.  p.  1^*5. 

II  Lehrbucli  der  Clieuiie,  B.  ix.  S.  421. 

^  UntflMiMdiuQgrn  ftber  den  meniohlicben  Unn.  IStutt^t,  183&. 
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IvealtKy  urine  to  oue  third  or  one-fourth  of  its  volume,  adding  a  little  nitric 
Bcui,  nliowing  it  to  stand  fc»r  n  day,  during  which  time  the  colour  of  tlie 
lifHiid  changed  from  ycllowisli  bruwu  to  dark  red,  and  then  mixing  with  a 
goluliou  of  urate  of  potash.  A  precipitate  wa^s  thereby  formed  of  uric  acid, 
haviug  the  same  red  colour  as  the  natural  red  deposits,  from  which  the  red 
colouring- matter  could  be  extracted  by  means  of  alcohol.  Recent  observers 
have  given  names  to  this  colouring-maUt  i ,  such  muroeri/Lhri/iea.nd  purpu' 
ri««,  without,  however,  adding  anything  of  iiiijiortance  to  our  knowledge  of  its 
properties.  Tlic  method  adopted  by  them  tor  Us  preparaLiua  is  essentially 
the  same  as  that  first  suggested  by  the  earlier  chemists.  The  deposits 
containing  it  are  washed  with  water,  and  then  digested  with  warm  absolute 
abohol,  which  takes  up  the  colouring-matter  and,  after  filtration  and  eva- 
porttbn  at  a  temperatun  not  eKceediog  dO^.»  leavea  it  in  the  form  of  a 
red  anjorphous  residue.  It  cannot  be  obtained  by  evaporating  the  urine 
containing  it  s  but  on  dissolving  white  and  pure  urate  of  ammonia  in  nrine 
(which  by  its  pink  or  purple  colour  indicates  the  presence  of  purpurine),  the 
salt  is  preopitated,  on  coolmg>  deeply  colonred»  and  yields  the  colouring- 
matter  on  being  treated  in  the  way  just  described.  It  is  not  improbable 
that  this  purpurine  and  the  bine  colouring-matter  just  referred  to  may 
stand  in  some  relation  to  one  another.  An  observation  made  by  Angelini  * 
seems  to  favour  this  view*  This  chemist,  being  desirous  of  examining  the 
pink  deposit  which  was  being  formed  in  his  own  urine  during  an  attack  of 
fever^  had  it  collected  and  hud  aside ;  but  being  unable«  from  the  state  of 
his  health,  to  examine  it  at  once,  it  remained  for  some  days  exposed  to  the 
atmoephere!,  and  during  this  time  the  pink  colour  changed  in  many  places 
into  blue.  On  leaving  it  to  stand  for  some  time  longer,  the  blue  tint  did 
not  spread  further,  but  the  spots  became  darker  in  colour. 

Instances  of  black  urine  are  even  of  rarer  occurrence  than  those  of  urine 
coloured  blue«  Indeed  in  many  cases  the  black  colour  sc  ems  to  have  been 
due  to  red  or  purple  pigments,  which  communicated  to  the  urine  so  deep 
a  tint  as  to  make  it  appear  black.  Dulk,  for  instance,  obtained  from  a 
black  urine  a  substance  of  the  same  colour  containing  iron,  which  Berzclius'f' 
with  some  reason  suspected  to  be  merely  hemaiine.  In  the  case  described 
by  MarcetJ,  the  urine  appears  to  have  been  purple,  or  purplish>brown  in 
the  first  instance,  and  to  have  become  black  on  standing.  It  contained  no 
red  blood-globules  and  no  trace  of  iron,  and  yielded  no  coloured  deposit  on 
standing  for  a  length  of  time,  the  colouring-matter  being  kept  in  solution 
by  the  alkali,  which  was  always  present  in  excess.  This  colouring-matter 
was  examined  by  Prout,  who  gnvc  it  the  iinnic  of  melanic  acid.  It  was 
precipitated  from  the  urine  by  means  ol  lu  id:,  in  black  flocks,  which  were 
found  to  be  nearly  insohible  in  water  and  alcohol,  but  readily  soluble  in 
caustic  and  carbonated  alkalies,  the  solutions  being  of  a  very  dark  colour. 

»  Ciom.  di  Fisica,  Deo.  IT.  t.  vlii.  (1825). 
t  JaliresT)ericht,  20tcr  Johrg.,  S.  57«. 
\  McdioO'Cliirurg.  TraasaciioiiB,  1323* 
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The  solution  in  atnmoiiia  gave  copious  brown  precipitates,  with  nMtaUie 
salts.  Maroet  condudes  from  the  experiments  of  Prout  that  this  so-called 
add  bears  a  dose  anslogy  to  the  products  derired  from  urie  add;  but 
BendiuB  remarks  that  it  strongly  resembles  the  black  pulTendeut  substance, 
insoluble  in  alcohol,  which  is  formed  by  the  action  of  concentrated  adds 
on  the  extraetiTe  matters  of  urine.  By  heating  the  urine  yidding  cyano* 
urine,  alter  separation  of  the  latter  by  filtration,  Braoonnot  obtaiiied  a 
black  sediment  which  he  cdled  m^nourine*  I  should  at  once  have  assumed 
that  this  substance  was  identicd  with  Prout's  melanic  add,  if  Braeonoot 
had  not  stated  that  his  black  pigment  was  soluble  in  weak  acida  and  in^ 
soluble  in  alkalies,  whilst  the  behaTiour  of  melanio  add  to  adds  and 
aUcdies  is  euctly  tlie  reverse.  Considering  the  fadlity  with  which  the 
ordinary  extractive  matters  of  urine  are  decomposed,  yielding  products  in- 
soluble in  water  of  a  black  or  brown  colour,  it  is  surprising  that  urines 
containing  these  bodies  ready  formed  should  not  more  frequently  be  met 
with  in  cases  of  disease.  It  is  not  improbable^  however,  that  the  dark* 
brown  colour  of  some  urinary  calooli  may  be  owing  to  one  or  the  other  of 
these  bodies. 

II.  The  second  class  of  urinnry  colouriog-matters  comprises  those  which 
are  formed  from  urine  by  artificial  means,  and  consequently  do  not  exist 
ready  formed  in  the  secretion.  These  may  also  be  classified  aooording  to 
colour,  those  which  have  hitherto  been  observed  being  either  blue,  red*  or 
brown. 

I  believe  that  Heller*  was  the  first  to  obtdn  artifiddly  firom  urine 
colouring-matters  of  a  pure  blue  or  red  tint.  He  states,  in  his  first  memoir 
on  the  subject,  that  in  some  diseases  the  urine  contains  a  notable  quantity 
of  a  body  of  a  light  yellow  colour,  and  easily  soluble  in  water,  which  he 
calls  uroMnihine*  When  urine  containing  this  body  is  exposed  to  oxidi- 
dog  agendes,  such  as  nitric  add,  or  even  atmospheric  air,  it  depodta  a  dark- 
coloured  sediment,  connsting  of  a  blue  and  a  red  colouring-matter,  named 
by  him  respectively  uroglaueine  and  urorhodine*  The  former,  after  being 
purified,  appears  in  smdl  groups  of  crystds  of  a  dark-blue  colour,  which 
are  insoluble  in  water,  as  well  as  in  cold  alcohol  and  ether,  but  soluble  in 
boiling  alcohol.  Urorhodine,  according  to  Heller,  is  formed  by  a  lower  de- 
gree of  oxidatron  than  uroglaucine.  It  is  easily  soluble  in  cold  alcohol  or 
ether,  to  which  it  communicates  a  splendid  crimson  coloor,  and  is  always 
amorphous  and  apparently  of  a  resinous  nature.  Uroxanthme,  the  body 
from  which  these  colooring-matteni  are  derived,  and  which,  according  to 
Heller,  is  itself  probably  derived  from  urea,  is  also  contained  in  small 
qnantities  in  normal  urine*  Braconnot's  eyanourine  isk  in  Heller^a  optnioii» 
•  mixture  of  uroglaucine  and  urorhodine.  In  two  subsequent  memdra  ^ 
Heller  communicated  some  further  details  on  the  preparation  of  thean 
colouring-matters  from  urine,  and  on  their  occurrence  in  a  urinary  calcoloa, 
without,  however,  addmg  any  new  facts  to  those  previoudy  known  regard* 
*  Heller's  Acdur,  \W,  8. 161.  t  Ibid.  1646,  a  19. 596. 
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ing  their  chemical  or  physical  properties.  The  experiments  of  Alois 
Martin  *,  the  results  of  which  were  made  known  soon  after  those  of  llellcr, 
led  to  the  same  conclusioQ,  viz.,  that  in  some  diseases  the  uriiic  on  being 
mixed  with  mineral  adds  depontt  in  considerable  quantity  a  dark-coloured 
sediment,  consisting  two  edouriiig^nuitters,  one  of  which  is  blue,  the 
other  fed:  Regarding  the  former^  whiidi  he  eells  mnfyamne,  Martm 
stalei  thftt  it  if  iniolnble  in  witer  end  oauatic  elkeliei,  bat  loluble  in  ako* 
hoi  end  ether,  that  it  is  diHoWed  by  coneentnted  snlphnric  ai»d»  the  solu- 
tion beooming  blue  on  dilution  with  water*  and  that  when  heated  it  yields 
TiQlet4so]oured  fnmes  like  those  of  iodine.  Although  these  obeerrations, 
however  incomplete,  were  no  doubt  oorrect,  very  tittle  importanoe  was 
attached  to  them  by  chemists  in  ganeial*  and  their  accuracy  was  eren 
questioned  by  eome.  Benelitts  charactenses  HeUei^s  statements  as  un- 
certain and  uttsatisftctory,  Lehmann  ssyst  "  Heller*s  experiments  were 
so  incomplete  that  the  vefy  existence  of  such  pigments  as  nroxanthine  and 
ororhodine  is  still  donbtfuL"  Qolding  Bird  was  of  opinion  that  Heller  had 
described  as  crystsls  of  uroglaacine  uric  add  merdy  tinted  by  the  changed 
colouring-matter,  and  he  adds,  '*This  error  is  an  important  one^  and 
throws  much  doubt  on  many  of  his  oondnsions."  When  a  few  vejy 
simple  experiments  would  have  sufficed  to  prove  the  accuracy  of  the  obser* 
▼ations  referred  to,  or  to  have  shown  in  what  respect  they  were  erroneous, 
such  criticisms  as  these  can  hardly  be  considered  fair;  and  I  think  that 
Heller's  claims  as  tlic  discoTeier  of  tlie  artificial  formation  from  urine  of  a 
blue  and  a  red  colouring-matter  of  definite  character  cannot  be  contested* 
Golding  Bird  certainly  claims  to  have  been  the  first  to  observe  the  forma- 
tion of  a  red  or  pink  colouring-matter,  supposed  by  him  to  be  identical 
with  that  of  the  so-called  pink  deposits,  by  the  action  of  hydrochloric  acid 
on  healthy  urine ;  but,  without  deciding  the  question  of  priority,  I  will 
merely  remark  that  his  experiments  must  have  been  of  a  superficial 
character,  or  the  simultaneous  formntion  of  a  blue  colouring-matter  would 
hardly  have  escaped  his  notice.  On  the  other  hand,  when  it  is  considered 
that  the  blue  pigment  ocrasiumilly  deposited  from  urine  had,  as  mentioned 
above,  been  proved  to  hi  itnliL^o  bluc  by  several  of  the  earlier  obsen'ers, 
and  tliat  at  the  time  when  lieilcr  and  Martin  gave  an  account  of  their 
expirnncats  the  properties  and  products  of  decomposition  of  this  colouring- 
matter  were  well  known,  it  is  surprising  that  these  cheniists  should  not 
have  suspected  the  identity  of  uroclaucine,  urokyaniue,  and  iadigo-blue. 
A  few  comparative  experiments*  wuuld  iiave  proved  their  identity,  and  have 
thus  led  to  the  discovery  of  one  of  the  most  important  and  interesting 
facts  connected  with  the  chemistry  of  this  subject.  How  far  Heller  was 
from  understanding  the  tnie  nature  of  his  blue  colouring-matter  will  be 
seen  by  the  fuUovviug  extract  froia  his  last  memoir.  He  says,  **  If  a 
pale  yellow  urine,  rich  in  uroxanthine,  eitlicr  originally  alkaline  or  alkaline 
through  standing,  be  kept  in  a  well-corked  flask,  the  violet-coloured  sub- 
.  '  •  Holler's  Archiv,  1846,  S.  101,  287. 


80 


Mr.  E.  Schunck  on  the  Colmtring  and 


[Recess, 


stance  scpAratcs,  mostly  at  the  surface,  but  pirtly  act  tbe  bottom.  If  the 
flask,  while  still  closed,  be  shaken,  scarcely  any  ehssgs  of  colour  takes 
place  ;  but  if  it  be  shaken  after  the  stopper  has  been  remotred  and  air  ad- 
mitted, the  urine  becomes,  by  shaking  with  the  air,  more  or  less  green, 
often  yery  beautifully  grass-green.  On  standing  it  again  becomes  pale,  and 
these  appearances  may  be  repeated  at  pleasure  with  urine  that  has  been 
kept  for  months  in  a  flask.  This  phenomenon,  vii.,  that  a  strongly 
alkaline  urine  containing  the  mixture  of  colouring-matters  only  becomes 
green  by  contact  with  air  and  not  as  long  as  the  vessel  is  closed,  is  one  tho 
qanse  of  which  I  have  not  as  yet  been  able  to  ascertain.*'  Any  one 
acquainted  with  the  properties  of  indigo-blue  would,  however,  have  under- 
stood the  matter  at  once.  By  the  combined  action  of  the  alkali  and  tho 
deoxidizing  matters  contained  in  the  urine,  the  indigo-blue  in  Heller's  ex- 
periment was  reduced  and  dissolved,  forming  n  true  indigo- vat,  nnd  on 
admitting  air  it  was  reoxidized  and  precipitated,  to  be  dissolved  again  when 
the  vessel  was  closed.  Several  years  later  H.  v.  Sichercr  *  obtained  from 
a  specimen  of  morbid  urine,  by  the  action  of  strong  acids,  a  blue  deposit^ 
the  properties  of  which  he  found  to  be  those  of  indigo-blue. 

Heller's  experiments  were  followed,  after  an  intcrvnl  of  some  years,  by 
those  of  Hassallf,  who  observed  the  formation  of  a  blue  colouring-matter 
on  allowing  urine  from  disease  to  stand  for  some  time  exposed  to  tlic  air. 
The  colouring-matter  was  mixed  with  j)bosjilintcs,  mucus,  and  other  im- 
purities ;  but  after  the  latter  had  been,  as  tar  as  possible,  removed,  it  was 
found  to  consist  of  indigo-blue.  IlR--a]1  infrrrcd  from  his  cxjicriments 
that  the  occurrence  of  this  substance  in  the  urine  is  strictly  ]iatliological. 
"AYe  should  be  led,"  he  says,  "to  look  for  its  occurrence  in  the  iinnc  iu. 
all  those  cases  of  functional  derangement  of  any  kind  in  which  any  impedi- 
ment exists  to  (k'carbonizatioD,  as  is  the  case  especially  in  most  diseases  of 

the  organs  of  rcs])iration  Tt  docs  not  appear  that,  by  any  treatment 

of  the  urine  with  rcngentv,  nuligocan  be  developed  iu  hcaltli  v  urine  at  will. 
I  have  Tirade  several  attemj  i^  with  this  view,  but  without  obtaining  any 
dehnitt'  k  miU.'*    This  opinion  proved,  however,  to  be  erroneous. 

This  subject  was  next  taken  up  by  myself  J.  My  experiments  on  the 
formation  of  indigo-blue  in  plants  yielding  that  colouring-matter  led  to  the 
conclusion  that  these  plants  contain  a  peculiar  substance,  belonging  to  the 
clii5s  of  gluco^idcs,  which  1  named  i?idicfni.  As  this  sub«stance  is  easily 
soluble  in  water,  alcoliol,  and  ether,  and  yields,  hy  decomposition  with 
acids,  indigo-l)lue  and  sugar,  I  thought  it  probable  that  the  formation  of 
indigo-blue  iu  mmv  might  be  due  to  the  presence  of  a  similar  body  in  the 
fcccretion.  This  supposition  was  found  to  be  correct.  Not  being  ahle  to 
procure  specimens  of  morbid  urine  such  as  would  be  likely  to  yield  the 
colouriug-matter,  I  was  compelled  to  employ  healthy  urine ;  but  after  de- 

•  Annalen  d.  r  nioni.  und  Phann.,  B.  xc.  S.  120. 

t  Philosophical  Trnnsaetions,  18o4,  p.  207. 

t  Memoirs  of  the  Literary  and  PbilMopbicol  Society  of  Manchester,  vol.  xir.  p.  2^. 
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priving  the  latter  of  the  greatest  part  of  the  ordinary  extractive  matter  by 
precipitation  with  basic  acetate  of  lead,  then  adding  ammonia  to  the 
filtered  liquid,  and  noting  on  the  precipitate  produced  by  ammonia  with 
sulphuric  or  hydrochloric  acid,  I  succeeded  in  almost  every  instance  in  ob- 
taining a  small  quantity  of  a  colourinpj-matter,  which  I  had  no  difficulty  in 
identifying  as  indigro-blne.    The  ca;>i'i  in  which  this  did  not  occur  were  so 
fcHv  aiul  exceptional  tiiuL  I  was  led  to  concliulc  that  indican,  or  some  sub- 
stance closely  resembling  it,  is  a  normal  constituent  of  healthy  urine,  and 
that  it  is  only  the  presence  of  an  excess  of  this,  just  as  of  any  other  of  its 
usual  constituents,  that  can  be  considered  a  symptom  of  disease.  The 
blue  colooriDg-inatter  was  generally  accompanied  by  another,  which  dis- 
lolred  in  akobol  with  a  fine  purple  colour,  and  which  I  consider  to  be 
idoitical  with  Heller's  urorhodine.   Aa  the  indican  of  plants  always  yields 
by  decomposition  indigo-red  as  well  as  indigo-blue,  I  think  it  not  impro* 
bable  that  this  red  pigment  from  urine  may  consist  of  indigo*red ;  but  from 
the  difficulty  experienced  in  purif}  ing  it,  and  the  very  minute  quantities 
which  are  obtained,  this  cannot  easily  be  proved.*  The  urine  of  the  horae 
and  the  cow  yidded  the  same  colouring^matters  even  in  greater  abundance 
than  human  urine.   My  experiments  have  been  confirmed  by  Carter  ^  and 
otfaeiB;  and  it  is  now,  I  believe,  generally  admitted  that  they  afford  a 
means  of  explainuig  the  formation  of  the  abnormal  colouring-matters  of 
the  urine,  and  may  even  throw  some  light  on  the  processes  of  decomposi- 
tion which  the  proteine  substances  undergo  in  the  system*   In  order  to 
prove  the  complete  identity  of  Heller's  nroglaucine  with  indigo-blue, 
Kletzinsky  t  prepared  a  large  quantity  of  uroglaucine,  and  ascertained  that 
its  properties  and  composition  are  those  of  indigo-blue,  and  he  accordingly 
aseribes  to  Heller  the  discovery  of  indigo-blue  in  urine.   I  beUeve,  how- 
ever, that  Heller's  claims  on  this  field  of  research  cannot  be  allowed  to 
extend  so  far.    What  I  think  must  be  conceded  to  him  is,  as  I  stated 
above,  the  discovery  of  a  mode  of  obtaining  a  blue  and  a  red  colouring- 
matter  from  urine  by  artificial  means. 

The  formation  of  brown  colouring-matters  by  the  action  of  acids  on 
urine  was  first  observed  by  Proust  %.  Having  evaporated  fresh  urine  to  a 
syrup,  in  order  to  separate  the  greatest  part  of  it^  salts,  he  added  concen- 
trated sulphuric  ncid  to  it,  and  then  submitted  the  liquid  to  distillation. 
The  distillate  contained  a  large  (jnantity  of  acetic  acid  and  a  little  benzoic 
acid,  while  the  liquid  deposited  a  brown  mass  of  the  consistence  of  pitch, 
whifh  increased  in  quantity  as  the  distillation  proceeded.  This  mass  con- 
sisted cljietiy  of  a  resinous  body,  which  he  found  to  be  insoluble  in  water, 
hut  easily  soluble  in  alcohol  and  alkaline  liquids.  In  consistence,  colour, 
and  smell  it  resembled  castoreum,  and  it  had  a  sharp,  bitter  taste  like  that 
of  arum-root.    Proust  believed  it  to  be  the  substance  to  wiiich  the  colour 

*  EdiTibiirph  Mr'dii'al  Joiimnl.  AupuM  IS'iO. 

t  Schmidt's  Jahrbudicr  d.  Mcdiciii.  B.  civ.  S.  36. 

X  AmuUes  dc  Chimic,  t.  xxxvi.  p.  274 ;  and  Annales  de  Chim.  et  dc  Pliys.  t.  xiv.  p.  262. 
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as  well  as  the  peculiar  odour  and  taste  of  urine  are  due,  and  be  called  It 
the  min  qf  urme.  The  deposit  formed  in  the  boiling  liquid  oontained 
alao  a  black  pulTenileut  body,  which  lie  found  to  be  insoluble  in  water  and 
alcohol,  but  aoluble  in  alkalies,  forming  with  the  latter  dark-brown  sola- 
tiona,  from  whidi  it  was  precipitated  by  acids  in  thick  black  flocks.  When 
dry,  it  had  a  ahining  appearance  resembling  that  of  broken  asphalt.  Proust 
called  this  ibis  peculiar  black  substance  from  urine ;  and  after  some  specu- 
lations on  its  nature  and  origin,  he  says  that  probably  at  some  fiitnre  tine 
the  relation,  at  present  quite  unknown,  in  which  it  stands  to  other  bodies 
will  be  discovered.  On  repeating  Proust's  experiments,  Berzelius  obtained 
nearly  the  same  results ;  but  he  was  of  opinion  that  these  sobstanoea  are 
not  contuned  as  such  in  the  urine,  as  Proust  had  supposed,  but  are  formed 
by  the  action  of  acids  on  the  extractife  matttts  of  uiine.  In  this  opinion 
I  entirely  concur,  Scharling's*  oxide  of  omickmyle  does  not  seem  to  me 
to  differ  in  any  of  its  properties  from  Proust's  resm ;  but  as  Scharling, 
instead  of  evaporation,  employed  congelation  as  a  means  of  concenttnting 
the  urine,  and  then  extracted  his  so-called  oxide  with  ether,  there  seema 
some  reason  for  supposing  that  his  substance  may  have  preexisted  In  the 
urine.  On  examining  the  fiurther  details  of  his  process  it  will  be  found, 
however,  that  he  used  boiling  caustic  lye  for  the  purpose  of  pnrifymg  it ; 
and  it  need  hardly  be  observed  that  no  conclusion  can  be  drawn  regarding 
the  preexistence  of  any  organic  compound  which  has  passed  throu'th  n 
process  of  purification  tnvolvbg  the  use  of  such  an  energetic  agent  as 
caustic  alkali.  In  the  course  of  his  experiments  on  the  constitution  of 
urine,  Liebigt  also  obtained  the  resinous  substance  of  Proust,  and  he  found 
it  to  possess  in  general  the  properties  previously  ascribed  to  it.  The 
results  of  this  ])ortic)n  of  his  investigation  were  summed  up  in  the  follow- 
ing words From  the  preceding  it  follows  that  human  urine  contains^  aa 
organic  adds,  uric  acid  and  hippuric  acid,  and  another  nitrogenous  sub- 
stance (most  probably  the  colouring-matter  of  urine)  which,  in  contact 
with  air  (it  is  only  in  contact  with  air  that,  as  already  observed  by  Gaj- 
Lussac,  the  putrefaction  of  urine,  accompanied  by  absorption  of  oxygen, 
takes  place),  is  decomposed,  yielding  acetic  acid  and  a  resin-hke  substance.** 
In  my  paper  on  the  occurrence  of  indigo-blue  in  uriue,  I  gave  a  short 
account  of  some  experiments  on  these  brown  colouring-matters,  and  the 
phenomena  attending  tlieir  formation.  I  there  Stated  that  "  when  muriattc 
or  sulphuric  acid  is  added  to  urine,  the  mixture  on  being  heated  becomes 
brown,  and  begins  to  deposit  dark-brown  flocks,  which  increase  in  quantity 
when  the  heating  is  continued.  When  these  flocks  are  filtered  off,  washed, 
and  dried,  they  form  a  compact  dark-brown  mass,  from  which  cold  alcohol 
extracts  a  resinous  matter,  leaving  undissolved  n  brown  powder,  which  dis* 
solves,  however,  in  a  boiling  mixture  of  alcohol  and  ammonia."  These 
facts  were  previously  known  from  the  researches  of  Proust.   I  succeeded, 

*  Annalen  der  Chem.  and  Pbarm.,  B.  iSSX.  8. 266. 
t  Ibid. B. LB.  161. 
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however,  in  discoTerlng  two  new  fulB,  to  which  I  attaeh  tome  importance. 

The  first  is,  that  the  composition  of  the  brown  pulverulent  substance* 
which  is  little  soluble  in  alcohol,  stands  in  a  definite  relation  to  that  of 
indigo-blue ;  the  second,  that  the  urinei  after  depositing  these  flooka  and 
being  made  alkaline,  has  acquired  the  property  of  reducing  oxide  of  copper, 
from  which  it  may  be  inferred  that  it  contams  glucose  in  solution.  As  the 
analytical  details  which  led  to  the  discovery  of  the  first  fact  have  not 
hitherto  been  poblithed,  I  think  this  a  fitting  occasion  for  making  them 
known. 

The  brown  pulverulent  substance  was  prepared  in  the  following  manner : 
—Urine  was  mixed  with  hydrochloric  acid  and  allowed  to  stand.  The 
uric  acid  which  was  deposited  was  separated  l)y  filtration,  and  the  liquid 
was  hoiled  for  some  time.  The  black  powder  which  prpnratcd  during  the 
boiling  was  filtered  off,  washed  with  water,  dried,  and  treated  with  cold 
alcohol,  which  extracted  the  easily  soluble  resinous  ])ortion,  therohy 
acquiriug  a  brown  colour.  The  portion  left  undi-ssulved  hv  tlio  cnld  alcoliol 
was  dissolved  in  boiling  alcohol  to  which  a  little  ammouia  was  added.  The 
brown  solution  was  filtered  and  mixed  with  an  excess  of  hydrochloric  acid, 
whirli  produced  a  broxsu  [>reeipitate,  the  supernatant  lifjuid  remaining 
coloured.  This  precipitate  was  collected  on  a  filter,  washed  with  cold 
alcohol  uutil  the  acid  and  sal-ammoniac  were  removed,  and  dried.  It  had 
then  the  apiicarance  of  u  dull,  black,  auiuiphous  mass,  which  yielded  a 
brownish-black  powder,  strongly  rescmbUng  some  of  the  products  of  de- 
composition of  iudicau.  When  heated  in  a  crucible  it  gave  off  a  smtU  like 
that  of  burning  horn,  and  then  burned  without  prenously  fusing,  giving 
much  charcoal,  which  disappeared  without  leaving  any  ash.  I  need  not 
describe  its  other  properties,  as  they  are  in  no  way  chamcteristic  or  inter* 
esting.  Its  composition,  which  it  a  matter  of  more  imj^ortanee*  was  deter- 
mined by  several  analyses,  the  results  of  which  are  as  follows ^ 

I.  0*4303  grm.,  dried  at  100^  C.  and  burnt  with  oxide  of  copper  and 
oxygen,  gave  0*9720  grm.  carbonic  acid  and  0*1985  grm*  water. 

0*5815  grm.,  heated  with  soda-lime^  gave  0*4190  grm.  platinum. 

IL  0'3850  grm.,  prepared  on  another  occa8ion«  giive  0*8760  grm.  car- 
bonic acid  and  0*1755  grm.  water. 

0'd315  gnn«  gave  0*3685  grm.  pbtinum. 

These  numbers  lead  to  the  formula         NO^,  which  requires — 


Calculation. 

— — > 

'  I. 

n. 

c.  

..  84 

61-31 

Cl'57 

6205 

5-10 

5-12 

5-06 

N 

10-21 

10-23 

9-85 

0  .. 

, .  32 

23  08 

23'Oi 

^37 

100  00 

100-00 

100  00 

Now  the  foimuU  C,^     NO«  is  also  that  of  anthranilie  acid,  the  acid 
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formed  by  the  action  of  alkalies  and  oxgyen  on  indigo-blne ;  and  tbongh 
tbere  u  not  the  least  lesemblanoe  belween  the  two  bodie8>  stUl  the  identity 
in  compo^tion  seems  to  indicate  the  possihititj  of  a  common  origin.  Is  it 
not  possible,  it  may  be  asked,  that  the  substance  in  urine  which  prodnces 
indigo-blue  may  be  in  part  couTerted,  by  a  process  of  oxidation,  into  some 
other  substance  which  yields,  instead  of  indigo*blne,  a  body  having  the 
composition  of  anthranilic  acid,  u  e.  of  a  substance  which  is  formed  by  the 
oxidation  of  indigo-blue?  To  me  it  seems  Tcry  probable  that  this  may  be 
the  case.  I  am,  however,  far  from  attaching  great  importance  to  the  com- 
position of  this  substance  as  just  given,  for  on  a  subsequent  occasion  I 
obtained  a  product  baring  exactly  the  same  appearance  as  before,  but  a 
diilerent  composition*  On  this  occasion  the  method  of  preparation  was 
somewhat  different.  The  urine  was  first  mixed  with  acetate  of  lead  as 
long  as  a  precipitate  was  produced.  To  the  filtered  liquid  there  was  added 
basic  acetate  of  lead,  which  gave  rise  to  a  second  precipitate.  This  was 
filtered  off,  washed  with  water,  and  treated  with  an  excess  of  dilute  sul- 
phuric acid,  and  the  filtered  liquid,  instead  of  being  boiled,  was  poured 
into  a  shallow  vessel  and  left  to  stand  until,,  by  spontaneons  evaporation,  it 
had  become  tolerably  concentrated.  On  now  adding  cold  water,  a  brown 
powder  was  left  undissolved,  ^vbich  was  filtered  off,  washed  with  boiling 
water,  and  then  trcnted  with  boiling  alcohol  as  long  as  anything  was  dis- 
solved. The  liquid,  after  br iiu;  filtered  boiling  hot,  was  evaporated,  and 
the  residue  was  treated  with  a^  little  cold  alcohol,  which  left  a  brown 
powder  undissolved.  This  was  pressed  between  folds  of  blotting-paper 
and  dried,  after  which  it  presented  the  same  appearance  as  the  first  spect* 
men.  Its  analysis  led  to  the  following  results : — 

0*3730  grm.  gave  0  8295  gnn.  carbonic  acid  and  0'178&grm.  water. 

0*5750  grm.  gave  0-2055  grm.  platinum. 

The  formula  H  ^  N0„,  with  which  these  numbers  correspond,  re- 
quires— 


Calculation. 

£xperii^eut. 

c„  ... 

...  168 

60-64 

60-65 

H„  ... 

...  15 

5*41 

5*31 

N  

...  14 

5*05 

5-07 

0..  ... 

28-90 

28-97 

277 

luo-uo 

100  00 

Now  the  two  fortnuhr,  though  not  identical,  stand  in  a  ccrtahi  relation 
to  one  another.    If  to  the  first  there  be  added  the  fornmlfleof  beoxoicacid 
and  of  water,  tlic  sum  will  represent  the  second  formula,  for 
C,,  H.,  NO,„  =  C„  n,NO,+C,,  H,  0,4- 2 HO. 

Benzoic  acid  is  a  product  of  decomposition  of  hippuric  acid  and  other 
animal  substances,  and  it  need  therefore  cause  no  surprise  to  find  its  ele- 
ments among  organic  groups  occurring  in  animal  secretiona,  though  of 
course  its  actual  presence  in  this  case  is  doubtful. 
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Theae  experiments  leiider  it  pn»btb1e  thet  the  ofdinsrj  brown  ooburiDg-' 
matters  fonned  bj  tlie  Mtkm  of  adds  on  arine  are  in  lai^demmlives  of  in- 
digp*blae,  howmr  little  their  properties  mty  resemble  those  of  the  latter. 

In  some  experimenUi,  an  account  of  which  I  presented  a  short  time  ago  to 
the  Manchester  Literary  and  Philosophical  Society*,  I  obtained  by  the 
direct  action  of  akx>holy  acetate  of  soda,  and  canstic  soda  on  indigo-blne  a 
nnmber  of  products,  ieveral  of  which  bear  a  striking  resemblance  to 
Mromelattimey  as  the  brown  pnlTenilent  substance  obtained  by  the  action  of 
acids  on  urine  has  been  called,  and  which  differ  in  their  properties  from 
indigo-blue  quite  as  widely  as  that  substance  does.  Bat  into  this  part  of 
the  subject  I  cannot  enter  further  at  present. 

The  liquid  filtered  from  the  insoluble  matter  formed  by  the  action  of 
acids  on  nrine  I  found  to  possess  the  property,  after  being  made  alkaline,  of 
dissolving  oxide  of  copper  and  converting  it  iuto  suboxide  on  being  boiled. 
This  reaction,  which  had  never  been  previously  observed,  T  attrihntrd  to 
the  presence  of  glucose,  whicli,  together  with  tin-  brown  colouring-matters, 
had  been  formed  at  the  txpen-o  of  the  extractive  math t>.  The  correctness 
of  this  infcrdico  has  been  doubted,  since  the  sarnr  reaction  may  be  pro- 
duced by  otiier  aubstfinces  as  well  as  glucose;  but  whether  it  be  corrert  or 
not,  the  fact  remains,  that  nortnal  urine  free  from  sugar  arquires  thr  pro- 
perty of  reducing  oxide  of  copper  as  soon  a>  it  ii:t^  bn  n  Ijoih d  with  the  ad- 
dition of  a  strong  acid.  The  general  tx)nclusioii  to  whi<  li  I  was  led  by 
these  few  exjH ntiK nt-  was,  that  there  not  only  exists  a  great  resemblance 
between  iinlican  aaJ  the  rxtractive  matters  ol'  uruK-,  as  proved  by  the  simi- 
larity of  ihiir  products  of  decomposition,  but  that  they  are  also  very  pro- 
bably in  some  way  closely  related  as  regards  their  composition  and  general 
properties.  In  giving  an  account  of  my  views  on  this  subject  I  used  these 
words  : — "  I  think  it  is  probable  that  the  Indigo-prodocinip  body  will  be 
found,  as  regerds  its  Ibnnation  and  composition,  to  occupy  a  place  between 
the  substance  of  the  tissues  and  the  mduiaij  extrsctive  matter  of  urine." 
Though  this  may  ha^e  appeared  at  the  time  when  it  was  pronounced  a 
hasty  conelusion»  further  rcwsrch  hss  only  tended  to  confirm  it. 

III.  The  oolonring-matteri  occurring  in  normal  urine,  and  to  which  the 
usual  colour  of  the  secretion  is  due,  hare  been  lem  fireqnently  inbmitted  to 
imrcstigation  than  those  which  make  their  appearance  only  exceptionally, 
or  in  consequence  of  some  artificial  pvocesi  of  decomporition.  This  dr- 
eamstance  may  easily  be  accounted  for.  These  substances  aro  all  amor* 
phous  and  possess  few  characteristic  properties ;  hence  their  separation 
from  the  other  constituents  of  oriae  is  attended  with  great  dtdiculties»  and 
has  even  been  pronounced  impossible.  They  are  also  compounds  of  Tfiy 
little  stability,  as  every  one  who  has  worked  with  them  must  haTcobserred, 
so  much  so  that  mere  evaporation  of  the  urine  seems  to  produce  a  complete 
change  in  their  composition,  as  BCen  by  the  marked  alteration  of  colour 
which  takes  place  during  the  process.  Then  it  has  been  observed  that 
•  lIciiioizt<tftheSocie(7,3rlseri«,voLiii.p,fle. 
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normal  urioe  exhibits  great  diversity  of  tint  without  nny  corresponciing  dif- 
ference in  its  other  properties,  and  lience  it  has  heen  inferred  that  these 
differtueea  are  of  Httle  })hvaiological  or  pathoio^';c;il  importance,  and  that 
an  investigation  of  their  cause  would  not  be  likely  to  Iciui  to  any  useful 
practical  results,  Our  knowledge  of  the  properties  and  conipoisiLian  of 
these  substances  is  therefore  extremely  defective,  and  the  most  diicordaat 
views  prevail  as  to  tlieir  true  nature, 

Fourcroy  nnd  ^  autjiu  lin  were  of  ojiiulon  that  the  smell,  colour,  taste, 
and  great  hability  to  dccomj  osiilou  ut  urnie,  in  fact  all  its  characteristic 
properties,  were  due  to  one  constituent  only,  viz.  urea.  It  is  evident,  how- 
ever, that  their  urea  must  have  been  impure,  since  the  y  olitaiiic  l  from  it  by 
the  action  of  caustic  potash  a  brown  falty  matter  and  acetic  acid,  products 
winch  could  only  have  been  derived  fiuiu  the  extractive  matter  and  otlicr 
impurities  with  which  it  was  containiiiated.  It  was  afterwards  show  n  hy 
Beizelms  tluit  urea  is  colourless,  and  possesses  no  remnrkflble  smell  nor 
taste.  Proust,  as  mentioned  above,  aiUibuLcd  the  colour,  as  well  as  the 
bitter  taste  and  peculiar  smell  of  urine,  to  his  fallow  resin.  Front 
thought  that  the  colouring-matter  of  healthy  urine  was  of  two  kinds,  one  of 
them  being  capable  of  combining  with  urate  of  ammonia  and  imparting  to 
it  Liie  usual  tint  of  uric  acid  calculi,  the  other  destitute  of  this  property.  To 
IJerzeliusf.  the  great  observer  who  has  enriched  almost  every  department 
of  chemical  science  with  his  rescrj  ches,  we  owe  the  first,  it  may  almost  be 
said  the  only,  investigation  of  tl:o  extractive  matters  of  urine,  the  sub- 
stances  to  which,  as  he  correctly  supposed,  the  ordinary  colour  of  the  se< 
cretion  is  due.  This  investigation,  though  now  almost  forgotten,  may  still 
be  consulted  with  advantage,  as  it  contains  information  not  to  be  found 
elsewhere.  In  Its  main  results  I  have  found  it  remarkabljr  correct,  and  I 
shall  hare  occasion  to  refer  to  it  again.  Though  Berzelius  did  not  succeed 
in  obtaining  his  substances  in  a  state  of  complete  purity  and  free  from  other 
conititnents  of  urine,  such  as  urea  and  chlorides,  he  nevertheless  ascertained 
the  existence  of  several  distinct  urinary  extractive  matters^  which  were  dis- 
tinguished from  one  another  by  their  behaviour  towaida  various  solvents. 
One  of  these  he  found  to  be  soluble  in  absolute  alooholt  the  seoond  was  only 
soluble  in  alcohol  of  sp.  gr.  0*833,  while  the  third  was  insoluble  in  alcohol 
of  all  strengths,  and  only  soluble  in  water.  He  seems  also  to  have  obtained 
a  minute  quantity  of  an  extractive  mattiv  loltible  in  ether,  the  othetabeiiig 
insoluble  in  that  menstruum*  The  extractive  matter  soluble  in  abaolate 
alcohol  he  proposed  to  name  halcphiU,  in  consequence  of  its  power  of  oom« 
bining  with  various  neutral  salts.  According  to  Berselius,  these  substanoet 
bear  a  great  lesembUmce  tp  the  extractive  matters  of  flesh.  Buveraoj 
made  some  experimenti  on  these  extractive  matters,  and  he  seems  to  have 
been  the  first  to  observe  the  remarkable  deepening  and  change  of  colour 
which  is  seen  on  adding  strong  acids  to  their  watery  solutions.  One  of  tha 
methods  employed  by  him  for  separatbg  the  colourii^  or  extiactiva  matter 
*  Annales  de  Obimis^  t.  xm.  p.  60.  t  Lebibuah  der  Chemie^  B.ix, 
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from  the  other  constitoenta  is  worth  mentlomng.   He  added  ui  ezceu  of 

add  to  urine,  and  the  uric  acid  which  separated  on  standing  he  treated  with 
bwling  alcohol,  which  left  the  acid  unillssolved,  and^  afUr  filtration  and 
eTaporation,  gave  a  Tendue  consisting  of  a  reddish-broivn  extractive  mattefi 
which  had  a  bitter  aromatic  taste,  and,  when  warmed,  exhaled  a  nrinou4 
odour.   The  colour  of  ita  watery  aolution  was  exactly  like  that  of  urine. 

In  his  elaborate  memoir  on  urine,  Lehmann  *  makes  some  remarks  on 
the  properties  of  the  extractive  matter  of  urine  and  the  best  method  of  pre- 
paring it.  For  the  purpose  of  obtaining  it  in  a  state  of  purity,  he  submitted 
urine  to  congelation,  and  evaporated  the  concentrated  liquid  in  vacuo,  cm- 
ploying  afterwards  alcohol  and  ether  for  the  purpose  of  extracting  it  from 
the  residue.  No  pnrt  of  the  process  ricscrihrd  by  him  would  induce  any 
extensive  decomposition  of  tlu-  t^uli^tjuu-e  umler  cvaminrition.  On  the  other 
hand,  it  is  very  donbtfnl  whether  it  was  quite  free  from  impurities,  since  he 
attributes  to  the  coloured  extractive  matter  {farhender  Extracliv9toJ^)  of 
urine  the  property  of  inducing  decomposition  in  urea,  and  consequently  in 
urine  also — a  property  which  it  certainly  does  not  possess  when  pure,  how- 
ever liable  it  may  itself  be  to  decomposition.  The  })utrefaction  of  urine, 
which  manifests  itself  bv  the  conversion  of  the  urea  into  carbonate  of  am- 
monia,  must  be  caused  by  some  other  body.  The  extractive  matter  does 
not  act  as  a  ferment,  which  may  indeed  be  inferred  from  the  very  small 
quantity  of  nitrogen  contained  iu  it.  Tiic  disagreeable  odour  which  the 
watery  solution  of  Lehmann's  substance  began  to  exhale  when  exposed  to 
the  air  also  points  to  some  impurity.  Its  acid  reaction  he  attributes  to  an 
admixture  of  lactic  acid,  which  was  generally  supposed  to  be  contained  in 
nrine,  nntE  Ita  entire  absence  was  proved  by  the  expertmenta  of  Liebig* 
Lehniann*8  ohsemtioiis  regarding  ita  other  properties,  as,  for  instance,  the 
change!  of  colour  prodnced  in  ita  watery  solution  by  Tarioua  reagents,  are, 
howevers  remarkably  correct. 

Lehmannj  as  well  aa  Benelius,  found  the  substance  to  which  healthy 
urine  owes  its  colour  to  be  completely  soluble  in  water.  Subsequently* 
however,  most  of  the  attempts  which  were  made  to  isolate  the  colouring- 
matter  of  urine  ended  in  the  separation  of  substances  quite  insoluble  in 
water,  lliese  must  in  all  cases  hare  been  products  of  decomporition ;  for 
I  consider  it  quite  certain  that  all  colouring-matters  derived  from  urine 
which  are  insoluble  in  water  are  not  contained  as  such  in  the  secretion,  pro- 
vided the  latter  is  in  its  normally  acid  state.  In  the  experiments  of 
Schererf  andHarley;^,  various  products  of  decomposition  of  this  kind 
seem  to 'have  been  obtained.  Scherer*  not  being  satisfied  with  the  methods 
of  preparing  and  separating  the  extractive  matters  given  by  Beraelius, 
adopted  one  of  his  own,  which  yielded  a  brown  humus-like  substance,  in- 
soluble in  water,  but  soluble  in  alcohol  and  alkalies.   Soberer  calls  this* 

*  Journal  fur  prakdsehe  Chemie,  B,  xxv.  6. 1. 
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■abitanoe  the  coloaring-umtter  of  urme,  thougb  it  must  be  evident  to  anj 
one  mding  his  account  that  it  was  a  product  formed  by  the  action  of  hy- 
drochloric acid  on  the  extractive  matter,  and  essentially  the  same  as  that 
previously  obtained  by  Proust.  Scherer  submitted  hu  substance  to  ana- 
lysis, and  found  its  composition  to  vary  exceedingly.  Hence  it  may  be  in- 
fant that  it  consisted  of  a  mixture  of  two  or  more  substances.  In  my  ex- 
periments on  the  brown  colouring-matters  formed  by  the  action  of  acidic  I 
obtained,  as  mentioned  above,  bodies  having  the  same  external  appearanee 
and  general  properties,  but  varying  in  composition.  The  latter  corresponded 
on  one  occasion  with  the  formula  Citn^NO^;  on  another  occasion  the  ana- 
lysis led  to  the  formula  H^^  N0(«.  Now,  on  calculating  the  oompositbn 
1^  a  mixture  of  equal  parts  of  the  two  bodies  having  respectively  these 
formulc,  it  will  be  found  to  agree  tolerably  well  with  the  mean  of  the  tiro 
first  analyses  given  by  Scherer,  as  will  be  seen  on  comparing  his  numbers 
with  the  calculated  composition  according  to  the  formula 
C„  H«    0„-C„  H,  KO.+C„  H„  N0„. 

Calculation.  Scherer. 

C                          60S7  61-37 

H                          5-31  6-10 

N                          6-76  703 

O                         270g  25-50 

100*00  100*00 

It  does  not  appear  that  Scherer  took  the  precaution  of  treating  lils  pro- 
duct with  alcohol,  in  order  to  separate  the  easily  soluble  resinous  matter 
which  is  always  formed  together  with  the  pulverulent  body  when  the  ex- 
tractive matters  are  decomposed  by  acids.  Unless  this  precaution  is  takea, 
the  product  is  sure  to  contain  more  than  one  substance,  and  its  anal^ 
must  give  very  discordant  results*  On  one  occasion  Scherer  obtained  by 
the  direct  action  of  hydrochloric  add  on  urine  a  dark-blue  powder,  which 
when  diy  assumed  a  coppery  lustre  like  indigo,  and  must,  indeed,  have  been 
indigo-blue  itself.  The  formation  of  a  blue  colouring-matter  by  the  adieu 
of  acids  on  some  constituent  of  urine  had  been  observed  by  Heller  only  a 
short  time  previously.  Neither  of  these  chemists,  however,  was  aware  of 
its  true  character,  which  was  not  discovered  until  long  afUrwards. 

Harley  *  succeeded  in  separating  Scherer*s  colouring-matter  into  seven! 
substances,  to  only  one  of  which,  in  hu  opinion,  the  colonr  of  ordinary 
urine  is  to  be  attributed.  This,  according  to  hb  description,  is  a  resinous* 
amorphous  body  of  a  fine  red  or  brownish-red  colour,  insoluble  in  water, 
but  easily  soluble  in  alcohol,  ether,  and  caustic  alkalies,  to  which  he  gave 
the  name  of  urohmmatint.  On  being  incinerated  it  leaves  a  little  oxide  of 
Iron,  and  hence  Harley  infers  that  it  is  allied  to  the  hsematine  of  blood,  of 
which  it  is  perhaps  only  a  modification.  By  a  process  similar  to  that  em- 
ployed by  Uarley,  Marcet  f  obUuned  from  urine  a  resinous  rose-eoloured 

*  Jonnial  1^  pnktiiahe  Chemie,  B.  Ldv.  8. 264. 
t  Bibl.  Univ.  de  Cka«ve,  1852,  p.  144. 
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substanc"  ,  havinir  an  ;u  id  reaction,  insoluble  in  water,  but  soluble  in  alcohol, 
aii<l  ^^hicli  111"  supposed  nui^t  exist  in  the  secretion  in  a  free  state.  I  have 
no  duabt,  however,  tlmt  this  and  all  similar  bodies  an;  products  of  decom- 
position derived  from  tlie  extractive  mntters  or  the  indigo-producing  sub- 
stance of  the  urine.  They  do  not  preexist  in  the  secretion,  but  are  formed 
durinff  the  process  of  preparation  by  tlie  nrtion  of  the  reagents  employed. 
Even  a  prolonged  heating  at  100°  C.  is  (piile  sufficient,  as  I  shall  hereafter 
show,  to  produce  a  complete  decomposition  of  the  extractive  matters,  and 
their  conversion  into  products  of"  an  entirely  different  nature,  consisting  iu 
great  part  ot  Ijfo'.vn  i-psinuui  substances  insoluble  m  ^^a(('^■. 

Tiic  iuvchligatioas  touching  this  subject  which  remain  to  be  noticed  are 
few  in  number.  Notwithstanding  its  imjiortance  from  a  physiological  point 
of  view,  the  difficulties  connected  with  it,  and  the  uncertainty  of  the  con- 
clusions to  which  most  previous  researches  had  led,  probably  deterred  many 
from  entering  on  its  investigation.  Tichbome*8  *  account  of  the  normal 
urinary  pigment  differs  from  those  of  some  of  bU  predeeeHors.  Acccmiing 
to  Mm  the  cdonring-matter  of  normal  turhie  it «  brown,  amorphous  sub- 
stance^  which  Is  very  hygroscopic,  easily  soluble  in  water,  less  soluble  in 
alcohol,  and  Insoluble  in  ether.  The  colour  of  its  watery  solution  cannot 
be  distinguished  firom  that  of  ordinary  urine,  and  by  making  it  more  or 
less  dilute^  the  sereral  tints  of  normal  urine  may  be  imitated,  "nchbome 
has  giren  the  results  of  its  analyns,  which  is  probably  the  first  e?er  made 
of  any  urinaiy  eztractiTe  matter,  that  is,  of  the  substance  as  it  exists  in 
urine  to  which  the  usual  colour  of  the  secretion  is  due.  His  results,  how- 
efcr,  differ  very  widely  irom  those  arrived  at  by  myself,  and  lead  to  acom< 
position  more  nearly  ^proaching  that  of  the  brown  colouring-matters 
insoluble  In  water  so  often  obtained  in  prerious  experiments.  The  hypo« 
thesis  which  he  has  ventured  to  set  up,  vis.  that  this  substance  is  derived 
in  some  way  from  hippurie  acid,  is,  I  think,  totally  without  foundation. 
Indeed  there  are  more  reasons  in  favour  of  the  converse  hypothesis,  vis. 
that  the  urinary  extractive  matters  are  the  source,  or  at  least  one  source,  of 
hippnric  acid.  The  existence  in  urine  of  more  than  one  kind  of  extractive 
matter  seems  to  have  escaped  the  notice  of  this  observer. 

By  far  the  most  complete  investigation  of  the  colouring-matters  of  normal  , 
urine  is  that  of  Dr.  Thudichum  f-  The  results  of  this  investigation  having 
quite  recently  been  made  known,  I  need  not  enter  at  present  into  any  of 
the  details.  In  giviog  an  account  of  my  own  experimeuts,  I  shall  have  oo* 
cnsion  to  show  that  my  results  differ  in  many  respects  from  those  of  Dr. 
Thndichum.  I  cannot,  however,  even  now  refrain  from  expressing  my  sur- 
prise that,  notwithstanding  the  numerous  observations  and  experiments  of 
chemists  on  the  blue  and  red  colouring-matters  from  urine,  he  should  have 
arrived  at  the  conclusion  tlint  "  from  ijcaltliy  human  urine  neither  indicaii 
nor  aroxanthine,  nor  any  other  substance  yielding,  by  decomposition  with 

*  Chemical  News,  vol.  v.  p.  171. 
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aeids,  mdigo-fed  and  indigo-blaef  can  be  extracted/'^axid.fhat  yiddi 
neither  indigo-red  nor  indigo>bliie  by  boiling  with  adds/'  Tbis  Kiolt» 
bowever,  may  eaaily  be  accounted  for  by  any  one  conTenant  with  tbe 
lubject  who  attentively  considera  tbe  details  of  bia  process.  The  mdigo- 
producing  body  of  urine»  if  it  be  not  identical  with  indican,  is  certainly  quite 
as  susceptible  of  change  as  the  latter ;  and  the  small  quantity  eiiituig  ia 
the  secretion  may  easily  disappear  under  the  influence  of  heat»  alkalicii  or 
ernientation«  and  become  so  changed  as  no  longer  to  yield  indigo>bloe  or 
bdigo-red  with  adds.  The  nature  of  this  change  I  have  explained  in  my 
papers  on  the  formation  of  indigo-blue.  Now,  Dr.  Thndichnm's  proccsi 
commences  by  adding  to  urine  an  excess  of  caustie  baryta  or  lime.  At 
subsequent  stages  he  boils  and  evaporates  his  liquids  with  the  awiitance  of 
heat.  After  operations  such  as  he  describes  it  is  impossible  that  any  tcaoe 
of  indican,  or  any  body  resembling  it,  can  remain  undeoomposed.  Unka 
certain  precautions  are  adopted  in  conducting  delicate  experiroenti^  only 
negative  results  can  be  expected. 

Tbe  alkapiwe  of  Beedefcer*,  and  the  colloid  add  from  urine  hitelf 
described  by  Maroetf,  probably  stand  in  some  relation  to  the  ordinary  ex- 
tractive matters  of  urine,  which  they  strongly  resemble  in  most  of  their 
ehemical  and  physical  properties.  T(ie  natnro  of  the  methods  em{^yed 
for  the  preparation  of  these  bodies  renders  it,  however^  extremely  doubtfol 
whether  they  preexisted  in  the  secretion,  since  in  both  cases  sdnlioni 
containing,  together  with  the  organic  substances,  stimig  mineral  addi^wefe 
heated  and  even  evaporated-i-a  proceeding  whioh  must  have  led  to  the  de* 
composition  of  the  extractive  matters^  and  the  formation  of  bodies  not  pi^ 
vionsly  existing. 

The  preceding  iicoonnt«  in  whidi  I  have  endeavmiTed  to  present  a  soa- 
mary  of  the  resnlts  obtained  in  previous  researdie«,  will  serve  to  give  so 
idea  of  the  present  state  of  our  Imowledge  on  this  subject  i  and  I  will  nov 
proceed  to  give  an  account  of  my  own  experiments.  Befiire  doing  so,  I  msy 
state  that  I  shall  apply  the  term  ''colouring-matter"  to  those  bodies  ooly 
which  occur  natureJly  in  nrine^  or  are  formed  by  processes  of  decompositioii, 
and  which  are  insoluble,  or  not  easily  soluble,  in  water.  The  aubsttnces 
.  easily  soluble  in  water,  to  whicfa  the  colour  of  normal  urine  is  dne^  I  shaU 
contmue  to  call  "  extractive  matters/'  until  I  shall  have  shown  thai  ib(| 
are  bodies  the  properties  and  composition  of  which  are  suflidently  definite 
and  unvarying  to  justify  me  in  bestowmg  on  them  peculiar  names^ 

The  extractive  matters  being,  as  I  believe,  the  source  firom  which  luo^ 
of  the  colouriug-matters  of  urine  are  derived,  I  resolved  to  commence  the 
investigation  by  a  careful  examination  of  their  properties  and  composition. 
The  first  step,  indeed,  which  I  thought  it  necessary  to  take  before  proceed- 
ing further  at  all  was  to  ascertain  whether  these  extractive  matters  m 

*  Annakik  der  Chentte  und  Fhaimideb  B. 
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bodies  of  a  definite  character,  or  whether  they  are  merely  accidental  mix* 
tuita  ol  various  excrcuientitious  substances  thrown  out  by  the  system,  and 
differing  in  their  uature  according  to  circumstauces.  lu  the  former  case  a 
further  exploration  of  this  field  would  be  justified  by  the  probability  of 
arriving  at  uefinite  results.  In  the  laiur  case,  however,  the  investigation 
would  certainly  have  to  be  abunUoutd  at  ouce,  from  the  wuiit  of  a  secure 
basis  on  which  to  found  further  research. 

In  order  to  arrive  at  a  positive  conclusion  on  this  point,  the  readiest 
means  was,  as  it  seemed  to  me,  to  ascertain  the  exact  composition  of  the 
eztnetive  matters  obtained  at  different  times  from  various  sources ;  for, 
bciug  uentnl  uncrystallizable  bodies,  itvras  evident  that  a  mere  examination 
of  thnr  diemical  and  physical  properties  irould  lead  to  no  certain  result. 
This  pof  tiou  of  the  investi^Uon  lias  oocitpied  me  for  tome  tbt^  oommen* 
ciiig  in  the  year  1 856»  and  ivill  fbrm  the  subject  of  the  present  communica- 
tion. The  anooessiTe  aeries  of  experiments  which  were  made  will  be 
distingoxshed  hj  letters  with  the  respective  dates  attadied. 

A  (1856). 

la  this,  as  well  as  in  the  subsequent  series  of  experunentifr  I  made  use  of 
neutral  and  hasic  acetate  of  lead  for  the  purpose  of  separating  the  extractive 
matters  from  the  other  constitnents  of  urine,  the  same  means  having  pre- 
viously been  employed  with  this  view  by  Scherer.  Having  taken  a  quantity 
of  ordinary  urine,  I  added  to  it  a  solution  of  acetate  of  lead,  which  produced 
a  copmus  precipitate,  consisting  of  sulphate,  phosphate  chloride,  and  urate 
of  lead,  togethi^r  with  lead  compounds  of  extractive  matter.  This  precspt- 
tate  was  filtered  off  and  thrown  away.  In  the  filtered  liquid,  which  was 
lighter  in  colour  than  the  original  urine,  hasic  acetate  of  lead  produced  a 
second  precipitate  as  abundant  as  the  first,  and  consisting  principally  of 
lead  compounds  of  the  extractive  matters  mixed  with  basic  chloride  of  lead. 
This  precipitate,  after  being  well  washed  with  water,  was  treated  with  an 
excess  of  cold  dilute  sulphuric  acid,  with  which  it  was  allowed  to  remain  in 
contact  for  some  time.  Tlie  extractive  matter  set  at-  liberty  by  the  add 
communicated  to  the  liquid  a  brown  colour,  a  peculiar  urinous  odour  being 
at  the  same  time  evolved.  The  excess  of  acid  was  removed  by  addingcar- 
bonate  of  lead,  and  stirring  the  mixture  well  in  a  mortar.  After  all 
effervescence  had  ceased,  the  liquid,  which  was  now  of  a  fine  yellow  colour 
like  urine  itself,  was  filtered  and  evaporated  ;  but  in  order  to  avoid  any 
decomposition  which  might  have  been  caused  by  the  application  of  artificial 
heat,  the  evaporation  was  conducted  at  the  ordinary  temperature  by  means 
of  a  current  of  air  in  the  apparatus  formerly  employed  in  the  preparation 
of  indican  After  evaporation  there  was  left  a  thick  brown  syrup,  which 
was  poured  into  a  ilask  and  treated  with  cold  alcohol,  with  wliirh.  after 
being  well  shakeii,  it  was  left  to  stand  for  gome  f'wuo.  The  aicoiioi  left  a 
portion  of  this  syrup  undissolved  as  a  brown  glutuious  Tr,:isd  (a).  The 
lifjuid,  which  had  a  deep  yellow  colour,  was  poured  oft',  and  thcie  was  added 
to  it  an  alcoholic  solution  of  acetate  of  lead,  which  j)  rod  need  a  cream- 

*  See  Memoirs  of  the  Manchester  Litorwy  and  Phiioeophieal  Society,  vol.  xiv.  p.  ItHk 
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colourad  precipitate.  Having,  as  I  supposed,  added  saffieient  aoetate  of 
lead  to  precipitate  about  one  half  of  the  matter  in  eolation,  I  filtered  the 
liquid  hw  Uie  precipitate  (6),  and  then  added- more  of  the  lead  solntbti, 
which  produced  a  precipitate  of  a  pure  cream-colour  (e)  •  This  was  filtered 
ofi;  washed  with  alcohol,  dried  tn  vacuo,  and  suhmitted  to  analysis.  It 
contained,  like  manj  of  the  lead  compounds  subsequently  analysed,  chloride 
of  lead,  which  had  to  be  estimated.  By  attempting  to  remove  all  the 
hydrochloric  acid  from  the  solution  of  extractive  matter  before  predpitation, 
I  ran  the  risk  of  producing  decomposition  in  the  oiganic  substance. 

I.  1*0895  grm.  tif  this  compound,  burnt  with  oxide  of  copper  and  oxygen, 
gave  0*7765  grm.  carbonic  acid  and  0*2175  grm.  water. 

ri580  grm.,  burnt  with  soda-lime,  gave  0*1355  grm.  chloride  of  platinum 
and  ammonium* 

0*7780  grm.  gave  0*6240  grm.  sulphate  of  lead. 

0*91 90  grm.  dissolved  in  nitric  acid  gave  with  nitrate  of  silver  0'079Sgrm. 
chloride  of  silver,  equivalent  to  0*0772  grm.  chloride  of  lead* 

These  numbers  lead  to  the  following  composition : — 

C   I9'43 

H   2-21 

N   0*73 

0   16*97 

PbO    62*26 

PbCl    8*40 

100*00 

After  deducting  the  oxide  and  chloride  of  lead,  and  calculating  the 
composition  iii  100  parts  of  the  organic  substance  combiiitd  with  them, 
this  composition  will  be  found  Cu  correspond  with  the  tbrmula  H,^  NO^ 
which  requires 

Oftlcultttion.  Experiment 


C,.                 372  49-93  49(39 

H„                39  5-23  5*61 

N                  14  1-87  1-85 

  320  42*97  43*15 

745  100*00  100*00 

No  importance  is  to  be  attached  to  this  formula^  which  is  merdy  an  eni«> 
pirical  expression  for  the  composition  of  the  substance,  or  mixture  of  sub- 
stances, prepared  in  the  manner  described.  As  a  guide  to  further  experi- 
ment9t  the  analysis  was»  however,  not  without  use.  The  very  small 
proportion  of  nitrogen  obtained  showed  that  the  substance  was  probably 
free  from  the  urinary  constituento  containing  much  of  that  element,  mud 
that  the  lead  compound  contained  extractive  matter  only ;  but  whether  Ike 
latter  consisted  of  only  one  substance  or  of  several  was  doubtful,  as  the 
Method  of  preparation  afforded  no  guarantee  for  ita  purity* 

The  lead  precipitate  (d),  which,  it  was  to  be  presumed,  had  the  samo 
composition  as  the  one  analysed,  was  now  examuied.   It  was  suspended  in 
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water  nnd  decomposed  with  sulphuretted  hydrogen,  and  tlie  filtered  liquid 
was  evaporated  by  means  of  a  current  of  air  in  the  apparatus  above  referred 
to.  "Dnrinp:  evaporation  some  white  crystals  were  dc])Ositcd,  consisting 
probably  of.  a  product  of  dcconijjosition  formed  by  the  action  of  the  free 
Ijydrochloric  acid  on  the  extractive  matter.  Tfipsc  were  filtered  off,  and 
the  liquor  was  evainn  ated  as  before  to  a  syrup,  wliich  was  treated  with  cold 
alcohol.  Tlio  nlc  iiiolic  solution,  after  being  filtered  from  some  wliite 
crystals  which  wen:  left  undissolved,  was  evaporated  to  a  syrup,  which,  after 
being  mixed  willi  a  little  alcohol  for  the  sake  of  dilution,  was  poured  into 
H  flask  and  agitated  wilii  bucce.ssive  doses  of  ether  as  long  as  anything  was 
taken  up  by  the  latter.  The  residue  left  undissolved  by  the  ether  (d),  after 
the  ethereal  liquid  (e)  had  been  poured  off,  was  treated  with  cold  alcohol, 
which  dissolved  the  whole  with  the  excepti  on  of  some  white  crystals  *. 
The  filtered  liquid  was  mixed  with  acetic  neid  and  then  with  acetate-of-lead 
tohition,  and  the  brown  precipitate  caused  by  the  latter  having  been  filtered 
eft,  tiicre  was  added  to  it  a  small  quantity  ui  auiu.onia,  which  produced  a 
cream-coloured  jirccipitate.  I'his  precipitate  was  filtered  oft*,  washed  with 
alcohol,  dried  in  vacuo,  and  employed  for  the  following  analysis  :— 

II.  1-3735  grm.  gave  07420  grm.  carbonic  acid  and  0  2345  grm.  water. 

1*5800  grm.  gave  0*1395  grm.  chloride  of  platinum  and  ammonium. 

07210  grm.  gave  0*6570  gnn.  sulphate  of  lead. 

1*8070  grm.  gare  0*0755  gnn.  chloride  of  silTer,  equivalent  to  0* 0733 grm. 
chbrideof  lead. 

These  nambera  lead  to  the  following  composition : — 

C   M73 

II   1-89 

N   0-55 

0   11-99 

PbO    63  78 

PbCi    4'0(J 

lUUUO 

*  Thc"^  cryst.'ils  consistcti  probikbly  of  the  eamc  substance  as  thoso  deposited  during 
the  evaporation  of  tiie  watery  Kolution  filtered  from  the  sulphide  of  lead.  They  con- 
taiiud,  bendes  orgviio  matter,  a  quantity  of  sulphates  of  esrthj  bases.  Hie  latter  were 
Mtnoved  bj  diasolTing  the  whole  in  wrier  and  adding  an  exoeas  of  caastio  bexyta. 
After  paMOBg  carbonic  acid  through  the  filtered  liquid,  erapcnniting  to  dryneee,  treating 
tlip  residue  with  boilii.q^  Avat^  r,  filtering,  nnd  nf^ain  pvaporathig  to  dn  pe***.  a  white  crys- 
talline inasn  wa8  obUitied,  which  was  free  from  all  inorganic  impurities.  A  fi  w  of  the 
properties  of  this  sul^tanoe  may  be  mentioned,  though  they  arc  not  siifficieni  i<>  identify 
it.  When  heated  on  platinum'foil  it  melted  and  then  burned,  learing  much  charoool, 
wbMl,  however,  disappeared  entirely  on  being  further  heated.  On  being  heated  in  a 
tube,  it  gave  a  little  crystalline  sublimate.  It  dissolved  witli  diHicuIty  in  boiling  alcohol, 
and  the  rolution,  on  coolinf^,  deposited  some  transparent,  prismatic  crystals.  The 
watery  solution  remained  unchanged  on  the  addition  of  acetate  of  lead,  but  on  adding 
Bmm<mia  there  was  an  abundant  white  precipitate^  On  mixiog  the  watory  solution  with 
a  salt  of  copper  and  an  excess  of  oaustio  soda  it  turned  blue,  but  remained  uncbangod  on 
being  boiled* 
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The  simplest  formula  with  which  the  composition  of  Uie  rabstance,  com- 
bined with  the  oxide  aud  chloride  of  lead,  agrees  is  0^,  11^,  NO^^,  which  re- 


CalculatioiL 

jBxpCKU&OIltk 

c«  ... 

46'0.'^ 

45-80 

H.  ... 

46 

5-69 

5-87 

N  

14 

1-73 

1-71 

0„  ... 

. . .  376 

46-55 

4G-62 

808 

100*00 

100*00 

This  analysis,  though,  like  the  first,  of  little  value  in  itself,  seems  to 
point  to  the  conclusion  that  the  extractive  matter  has  a  tendency  to<indergo 
a  change,  which  consists  in  the  absorj)tion  of  water,  aud  which  is  probably 
promoted  by  the  action  of  strong  aciils.  There  is,  however,  another  way 
of  explaining  its  results,  which  will  bt*  given  when  1  come  to  renew  the 
whole  of  the  analytical  data. 

A  portion  of  the  alcoholic  solution  from  which  this  lead  compound  was 
precipitated  was  evaporated,  when  it  left  a  brown  syrup,  some  of  the  pro- 
perties of  which  are  not  without  interest.    When  heated  in  a  crucible  it 
began  to  boil,  evolved  acid  fumes,  consisting  ])artly  of  hydrochloric  acid, 
and  left  after  combustion  much  charcoal,  which  burnt  away,  leaving  a  little 
white  ash*   The  watery  solution  was  strongly  acid.    After  being  mixed 
with  a  solution  of  oxide  of  copper  and  an  excess  of  caustic  alkali  it  became 
green,  and,  on  being  boiled,  the  liquid  deposited  suboxide  of  copper ;  but 
this  reaction  was  i)robably  due  to  an  admixture  of  some  impurity  or  of  some 
product  of  decomposition.  On  adding  to  the  alcoholic  solution  an  alcoholic 
solution  of  aceute  of  lead,  a  cream-coloured  precipitate  fel),  which,  after 
being  filtered  off  and  washed  with  alcohol,  was  treated  with  dilute  sulphuric 
acid.    The  filtered  liquid,  after  being  made  alkaline,  did  not  reduce  oxide 
of  copper ;  but,  on  the  other  hand,  the  liquid  filtered  from  the  creani- 
-  coloured  precipitate  gave  with  ammonia  a  white  precipitate,  which,  on  being 
treated  in  the  same  way  as  the  other,  was  foond  to  contain,  in  combiaation 
with  oxide  of  lead,  a  substance  which,  in  conjunction  with  caustic  alkali, 
readily  reduced  the  oxide.   The  lead  compound,  the  analysis  of  which  has 
*U8t  been  given,  may  indeed,  as  I  shall  show  further  on,  have  consisted  of 
a  mixture  of  equal  parts  of  two  lead  compoonds,  viz.  of  the  compound  of 
an  retractive  matter  and  of  that  of  another  body  having  the  composition 
of  glaoose.   The  watery  solution  of  the  syrup,  on  being  mixed  with  hydro- 
chloric acid  and  boiled,  became  brown,  aud  deposited  dark  brown  flocks. 
The  filtered  liquid  left  on  evaporation  a  residue,  which,  on  being  treated 
with  water,  dissolved  only  in  part,  an  additional  quantity  of  brown  flocks 
being  left  undissolved.    These  flocks  were  very  little  soluble  in  boiling  aU 
cohol,  but  they  dissolved  readily  in  a  mixture  of  alcohol  and  ammonia. 
The  liquid  filtered  from  the  flocks  left  on  evaporation  a  yellow  syrup  mixed 
with  a  quantity  of  needle-shaped  crystals  arranged  in  star-shaped  uai^sies. 
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On  b^lng  dried,  the  syrup  became  hardt  but  deliquesced  again  ou  exposure 
to  the  air. 

The  ethereal  li(|uiil  (e)  containing;  in  solution  that  poiLioa  of  the  extracllTe 
matter  of  the  lead  prccipiLalc  (i  )auiablc  lu  clhcr,  was  agitated  with  carbonate 
of  lead,  by  which  means  the  hydrochloric  acid  contained  in  it  was  entirely 
removed.  To  the  filtered  liquid  there  was  added  an  alcoholic  solutiou  of 
acetate  of  lead,  which  produced  a  cream-coloured  precipitate.  This  was 
filteied  off,  washed  with  cold  alcohol,  dried  m  vacuo,  and  analyzed,  the  re- 
sults obtained  being  as  foUofn : — 

III.  1  -3455  grm.  gave  1*(M25  grm.  carbonic  add  and  0*2/30  grm.  water. 

1*5580  grm.  gave  0*1385  grm.  chlonde  of  platinam  and  ammouiaiii. 

0*7565  gm.  gave  0*6025  gmi.  sulphate  of  lead. 

The  cotnponnd  contained  therefore,  in  100  parts^ 

C   2113 

n   2-25 

N   0-55 

0   1747 

PbO   _^'_^9 

10000 

The  compoiition  of  the  rabBtaneei  oonihiiied  in  this  case  with  oxide  of 
lead,  agrees  tolerably  well  with  the  formula  Cg,  H,,  NO^  which  requires 

Calculation*  Expeiimeut 
r  ^  . 

C,o               616  61*75  61*04 

H,,                51  5*11  5*43 

N                  14  1*40  1*34 

'                        416  41*74  J?Ji9 

997  100  00  100*00 

In  the  case  of  a  compound  like  this,  having  such  a  high  atomic  weight, 
several  formulie  may  of  course  he  calculated,  each  of  which  may  give  a 
theoretical  composition  agreeing  as  well  as  the  above  with  that  found  by 
experiment.  My  reasons  for  adopting  the  one  just  given  will  be  stated 
further  on. 

A  portion  of  the  liquid  from  which  this  compound  was  predpitatod 
with  acetate  of  lead  was  evaporated,  when  it  left  a  brown  syrup  closely 
resembling  that  obtained  from  the  liquid  from  which  the  lead  compound 
of  the  second  analysis  was  precipitated.  When  heated  in  a  crucible  it 
gave  ofif  copious  fumes,  aud  left  off  much  charcoal,  which,  however,  burut 
away,  leaving  only  a  trace  of  ash.  Its  watery  solution  had  a  strongly  acid 
reaction,  though  it  was  quite  free  from  hydrochloric  acid.  When  treated 
with  boiling  caustic  soda  lye  it  evolved  ammonia.  The  watery  solution, 
on  the  addition  of  a  salt  of  copper  and  r.u  excess  of  caustic  alkali,  became 
green,, and  the  filtered  liquid,  ou  being  boiled,  deposited  au  abundance  of 
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fiuboxtde  of  copper.  This  reaction  was,  howerer*  duf  to  some  substance 
accompanj-ing  the  exiractire  matter.  On  adding  to  the  alcoholic  solation 
of  the  syrup  an  alcoholic  solution  of  acetate  of  lead,  a  cream-colonred  pre- 
cipitate was  produced  which  contained  none  of  this  substance;  but  on 
adding  ammonia  to  the  filtered  liquid,  a  white  precipitate  fdl  in  which  it 
was  contained  in  combination  with  oxide  of  lead.  The  lead  compound 
analyzed  was  therefore  free  from  this  impurity,  and  probably  contained 
merely  the  urinary  extractiye  matter  soluble  in  alcohol  and  ether.  The 
watery  solution  of  the  syrup,  on  being  mixed  with  hydrochloric  add  and 
boOed,  became  darker  in  colour,  and  Uien  deposited  dark  brown  resin-like 
masses,  which  remained  in  a  state  of  fusion  as  long  as  the  liqmd  was  kq>t 
boiling.  The  filtered  liquid  left  on  evaporation  a  syrupy  residue,  which 
was  only  partly  soluble  in  water,  a  quantity  of  the  resin-like  subatance 
being  left  undissolved.  The  solution,  after  being  again  filtered  aud  evapo- 
rated, left  a  brown  syrup  filled  with  ctystalline  needles.  Cold  alcohol 
dissolved  the  greatest  part  of  thb  residue,  leaving  only  the  crystalline 
needles  undissolved.  The  resinous  substance,  after  being  well  washed 
with  water,  was  treated  with  cold  alcohol,  in  which  it  was  entirely  soluble, 
forming  a  brown  solution  which,  on  evaporation,  left  a  brown,  shining, 
brittle  residue.  The  extractive  matter  contained  in  this  compound  differs 
therefore  from  that  of  the  lead  compound  previously  analysed,  not  only  by 
its  solubility  in  ether,  but  also  by  its  yielding  with  acids  products  of  de* 
composition  of  a  different  kind. 

The  alcoholic  liquid  filtered  from  the  lead  precipitate  (f)  was  mixed 
with  more  acetate  of  lead  and  some  ammonia,  with  which  it  pstt  a  bulky 
cream-coloured  precipitate.  This  was  filtered  off,  washed  with  water» 
then  suspended  in  water,  and  decomposed  with  sulphuretted  hydrogen. 
The  filtered  liquid  was  evaporated,  as  before  described,  by  means  of  a 
current  of  air,  and  the  yellow  syrup  left  on  evaporation  was  poured  into  m 
fiask  and  agitated  with  alcohol,  which  dissolved  the  whole  of  it  with  the 
exception  of  a  slight  residue,  consisting  of  a  glutinous  substance  mixed 
with  some  white  crystals.  The  filtered  liquid  was  evaporatedy  and  the 
residue  left  was  agitated  with  ether.  The  ether  having  been  poured  off, 
the  insoluble  portion  was  treated  with  cold  alcohol,  which  dissolved  almost 
the  whole  of  it.  The  solution  was  mixed  with  a  little  alcoholic  solutioii 
of  acetate  of  lead,  and  the  [trecipitate  thereby  produced  having  been 
filtered  off,  more  acetate  of  lead  was  added,  which  gave  a  precipitate  of  a 
pure  cream-colour.  This  was  filtered  off,  washed  with  alcohol,  dried  «a 
vacm,  and  analyzed,  the  following  results  being  obtained: — 

IV,  1*0153  grm.  gave  0*6730  grm.  carbonic  acid  and  0*2055  gnn, 
water* 

1*1440  grm.  gave  0*1425  grm.  chloride  of  platmum  and  ammonium* 
0*4165  grm.  gave  0*3180  grm.  sulphate  of  lead. 
0*8905  grm.  gave  0*0290  grm.  chloride  of  silver,  equivalent  to  0*0282 
chloride  of  lead. 


^  by  Gt 


1867.]  Eietractive  Matties  oj  l/onc.— Part  I.  97 

la  100  part^  it  coataiued  therefore 

C  *.   1807 

H  :   2-21 

N   078 

0   22  12 

PIO    5303 

PbCl    316 

1 00-00 

Thou2;li  the  substance  con  litncd  in  this  case  with  tlic  oxide  and  chloride 
of  lead  was  witlmnt  doubt  a  mixture,  «5till  I  think  it  may  be  of  use  to 
devise  some  foniiula  which  shall  express  its  composition,  and  thus  lead  to 
some  plausible  conjecture  as  to  its  constituents.  The  relatively  large 
quantity  of  oxygen  contained  in  it  makes  this  rather  difhcult ;  but,  as  I 
shall  preseiilly  show,  one  of  the  urinary  extractive  matters  is  richer  in 
oxygen  than  the  others,  and  by  assuming  that  the  substance  in  this  case 
wa^  a  mixture  of  equal  parts  of  this  extractive  matter  and  glucose,  I  arrive  at 
the  formula  C^Hj^NO^j,  which  requires 

Calculation.  Experiment. 


C,,    300         42-55  41-81 


II,,   39  6-53  5-18 


N   14  1-98  1*80 

O,,    352         49-94         5 J '21 

706        100-00  100-00 

The  liquid  filtered  from  this  lead  compound  did  in  fact  contain  a  sub- 
staucc  bavins^  the  composition  of  glucose.  On  adding  to  it  an  excess  of 
ammonia,  u  bulky  precipitate  fell,  which  was  filtered  off  and  treated  witli 
a  mixture  of  alcohol  and  acetic  add.  in  which  almost  the  whole  dissolved. 
To  the  filtered  liquid  there  was  added  a  small  quantit^r  (^'ammonia,  which 
produced  an  almost  white  precipitate.  This  was  filteitd  off,  washed  with 
alcohol,  dried  in  vaaw,  and  analjrzed. 

1*3/30  grm.  of  this  precipitate  gave  0'6585  grm.  carbonic  acid  and 
0*2265  grm.  water. 

2-0730  grms.  gave  0*0600  grm.  chloride  of  platinum  and  ammonium, 
0-/945  grm.  gave  0*7720  grm.  sulphate  of  lead. 
In  100  parts  the  compound  contained  therefore 

C   1308 

H    1-83 

N   0-18 

O   13-42 

PbO  7i'49 

10000 

If  the  small  percentage  of  nitrogen,  which  was  piobubly  due  to  an 
admixture  of  extractive  matler  be  neglected,  this  composition  leads  to 
the  formula  Cjj^U^Ojj^  +  7PbO,  which  requires 
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C„   144  13-10 

Hj   19  1-72 

O,   152    •  13-85 

7PbO    J84  71-33 

1099  10000 

The  brown  glutinous  mass  (a)  whicli  \Tas  li  ft  iindissolvcd  by  cold 
alcohol  was  treated  with  cold  water,  and  the  liquid,  ai'itr  being  filtered 
from  the  insoluble  inntfer  (/),  which  consisted  for  the  most  part  of  chloride 
of  lead,  was  evaporated  as  usual  by  means  of  a  current  of  air.  l)urii:g 
evaporation  some  more  chloiide  of  lead  was  deposited,  which  v  ns  ^epi- 
ratcd,  and  there  was  left  at  last  a  thin  syrup,  which  was  j  omcd  into  a 
flask  and  agitated  with  alcohol.  The  alcohol  converted  it  into  n  milky 
cnnilsion,  which,  after  standing  some  lime,  deposited  a  brown  gliitui'Mis 
substance,  the  supernatant  liquid  becoming  clear.  The  latter  havini;  ln  'ii 
poured  oflP,  f1ie  deposit  was  dissolved  in  cold  water,  and  to  the  solution 
there  was  added  acetate  of  lead  and  sufficient  ammonia  to  cause  a  shghtly 
alkaline  reaction.  The  precipitate  (f/)  which  was  thereby  produced  was 
filtered  off,  washed  with  water,  and,  after  being  suspended  in  water,  decom- 
posed with  sulphuretted  hydrogen.  The  liquid  filtered  from  the  sulphide 
of  lead  was  evaporated  in  the  air-eurrent,  when  it  left  a  brown  syrup, 
wliich  was  treated  with  alcohol.  The  alcoholic  liquid,  after  being  filtered 
from  some  insoluble  matter,  consisting  of  crystals  mixed  with  a  little 
ttnous  substance,  was  evaporated  as  before  to  a  syrup,  and  this  syrup  was 
poured  into  a  flask  and  agitated  with  successive  portions  of  ether  until 
nothing  more  was  dissolved.  The  ethereal  solution  (/*)  having  been  j  iourcd 
off,  the  insoluble  matter  was  treated  with  cold  alcohol,  which  dissolved 
almost  the  whole  of  it.  To  the  filtered  li(|iiid  there  wn<;  added  a  little 
alcoholic  solution  of  acetate  of  lead  ;  and  the  precipitate  thereby  produced 
having  been  liltered  off,  more  lead  solution  was  added,  which  gave  a 
copious  prerijntate  (f)  of  a  greyish  cream-colour.  This,  after  being  filtered 
oft'  and  treated  in  the  same  manner  as  the  other  lead  precipitate^  wfts 
analyzed,  the  results  obtained  being  as  follows: — 

V.  r,^  1  ."*."»  grm.  gave  0*8-155  grm.  carbonic  acid  and  0*2830  grm.  water. 

1*5710  grm.  gave  0'2490  grm,  chloride  of  platinum  and  amiuouium. 

0  8830  grm.  gave  0'7O(i5  grm.  sulphate  of  lead. 

1'4975  grm.  gave  0*2580  grm.  chloride  of  silver,  equivalent  to  U'2503 
grm.  chloride  of  lead. 

lu  100  parts  it  was  tliercfore  composed  as  follows  : — 

C  w..  17-13 

II    2-33 

N   0-99 

0   17-38 

PbO    45-43 

PbCl    16-71 

100*00 
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Tf  the  formula  C,^  11^^  NO  be  adopted  as  cxprt  s.viiig  the  compoisitioii 
ot  the  organic  substance  combined  \Yith  the  oxide  ot"  lead,  the  relation  in 
which  the  latter  stamis  to  the  other  extractive  matters  will  be  easily  seen, 
thouj^li  the  cnlcvdated  composition  does  oot  in  this  case  agree  very  well 
ia  all  respects  with  that  deduced  from  the  above  ao^sis.   This  formula 

« 

requires 

Calcidation.  iSxperiuent. 


C,,                228  45-41  45-30 

  28  5-57  6-17 

N.;               14  2-78  2-63 

0„                 232  J^S'QO 

i02  lUOOU  lOUOO 


It  may  excite  some  surprise  that  the  extractive  matter  contained  in  this 
compound,  whicli  was  soluble  in  alcohol,  should  liaTe  been  obtained  from 
the  brown  glutinous  mass  (a),  wluoh  waa  insoluble  in  alcohol^  and  bad 
quite  the  appearance  of  an  extraciiTe  matter  itself.  This  may,  howerer, 
be  easily  explained,  since  the  maaa  (a)  contained  lead,  bebg,  indeed,  merely 
a  lead  compound  of  the  extractive  matter  soluble  in  alcohol,  and  many  of  the 
compounds  of  the  latter  with  bases  are  insoluble  in  alcohol.  It  is^  in  fact, 
still  doubtful  whether  urine  does  contain  an  extractive  matter  insoluble  in 
alcoliol,  and  whether  the  various  substances  having  this  chamcterj  ob- 
tained in  these  and  previous  experiments,  are  not  compounds  of  extractive 
matters  with  bases ;  but  to  this  point  I  shall  return  on  a  future  occasion. 

The  ethereal  solution  (4)  contaiued  some  extracUve  matter,  and  also 
hydrochloric  acid.  The  latter  having  been  removed  by  introducmg  car- 
bonate  of  Isad  and  shaking  well,  there  was  added  after  filtration  an  exoess 
of  an  alcoholic  solution  of  acetate  of  lead,  which  produced  a  copious  pre- 
cipitate. This  was  filtered  off  and  then  dissolved  in  a  mixture  of  alcohol 
and  acetic  acid.  To  the  filtered  solution  a  small  quantity  of  ammonia  was 
added.  The  precipitate  thereby  produced  was  filtered  off  and  treated  as 
usual  before  bemg  analyzed . 

VI.  I'26d0  grm.  of  this  compound  gave  0*6860  grm,  carbonic  add  and 
0-2025  grm.  water. 

r44 15  grm.  gave  0*0810  grm.  chloridi'  of  platinum  and  ammonium. 

(I- 1010  grm.  gave  O'  l250  grm.  sulphate  of  lead. 

In  100  parts  it  contained  therefore 

C   11-79 

H   :.  1-77 

N  0-35 

0   15-26 

PbO   Jy7S3 

100  00 
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The  subsUoee  combined  with  oxide  of  lead  cotitaiiied»  in  100  parts, 

C   45*97 

H    5-52 

N    1-08 

O   47^43 

lOOOO 

It  will  be  seen  that  this  analysis  yielded  results  not  dilT(  rin-  very  \\iLl(  !y 
fiuni  those  of  the  second  analysis.  The  composition  of  the  sub:>tauce 
njay  therefore  be  cx])lainecl  in  the  same  manner. 

To  the  li<jnid  filtered  from  the  lead  precipitate  (//)  there  was  added  aa 
excess  of  ammonia,  which  produced  a  })alo  cream-coloured  precipitate. 
This  was  filtered  off,  washed  with  water,  tlicn  suspended  iu  water,  and 
decomposed  with  sulphuretted  hydrogen.  Tiie  filtered  licpiid  wa^  poured 
into  a  liask,  and  there  was  added  to  it  a  qunntlty  of  freshly  precipitated 
oxide  of  mercury,  together  with  som  ■  dk  t;illir  mercury,  the  whole  being 
frequently  shaken.  By  this  means  the  liydrochloric  acid  contnined  in  it 
was  completely  reiuovecl,  after  which  the  liquid  was  filtered  and  evaporated. 
The  residue  was  trerxted  with  water,  which  left  a  little  yellowish  powder 
undissolved.  Througii  the  filtered  liquid  sulphuretted  hydrogen  wa'^iTnssed 
in  order  to  precipitnte  the  mercury  in  solution,  and  after  being  agaia 
tiitcred  it  was  evaporated,  when  it  left  a  pale  yellow  svnip.  This  was 
treated  with  alcohol,  which  dissolved  almost  the  whole  of  it.  To  the 
filtered  alcoholic  solution  there  was  added  a  solution  of  acetate  of  lead, 
which  produced  an  almost  white  precipitate.  This  was  filtered  off  and 
prepared  as  usual  for  analysis. 

YII.  0*8440  grm.  of  this  compouud  gave  0*6255  grm.  carbouic  acid 
and  0'21 10  grm.  water. 

1*1035  grm.  gave  0*0y5U  grm.  chloride  of  fdutiuum  aud  ammonium. 

0"4535  grm.  gave  0"3ir).")  grm.  .sulphate  of  lead. 

Iu  100  parts  it  eunlaiued  therefore 

C   20'2l 

H    27/ 

N    0*54 

0   2.5-20 

PbO    dl  i& 

100-00 

The  subatance  combined  with  oxide  of  lead  contained,  in  100  parts, 

C   41-41 

H    569 

N    MO 

O   '1  NO 

100-00 

In  thi8«  as  in  wTeral  previoits  eases,  the  oomponnd  contuned  moie  than 


1867.]  Extraciwe  Maiiers  0/  l/rtiif*— Part  L  101 

one  substance  ia  conibiiiatioii  with  oxide  of  lead.  Several  other  compounds 
similar  to  this  were  subsequently  analyzed,  uud  it  will  therefore  conduce  to 
cleanicss  to  pass  thcui  all  under  review  together. 

The  iuiolublc  matter  (/*),  consisting  chiefly  of  chloride  of  lead,  still  re- 
mained to  be  examined.  After  being  washed  with  water,  it  was  treated 
with  cold  dilute  sulijlimic  acid.  The  liquid  filtered  from  the  sulphate  of 
lead  was  mixed  with  an  excess  of  bai  vla-watcr,  which  produced  a  brown 
precipitate  consisting  of  sulj*hate  of  baryta  mixed  with  some  compound  of 
extraLtive  matter.  To  the  filtered  liquid  there  was  added  a  slight  excess 
of  acL-tic  add,  ami  then  acetate  of  lead  and  sufficient  anuuoiiia  to  lu  utralize 
the  acid.  This  gave  a  pale  yellow  precipitate  (1),  which  waa  liltcrcd  off, 
washed,  and  decomposed  with  sidphurettcd  hydrogen.  The  resulting  so- 
lution was  filtered  and  evaporated.  The  residue  left  on  evaporation  was 
treated  with  alcohol,  which  left  a  little  white  matter  undissolved.  To  the 
filtered  liqmd  there  was  added  an  alcoholic  solution  of  acetate  of  lead,  which 
gave  a  yeUowish  precipitate.  This  was  filtered  off,  washed  with  alcohol, 
and  treated  as  usual  prefious  to  its  being  analysed. 

YIII.  1*2980  gnn.  of  this  eomponnd  gave  0*9555  grm.  carbonic  acid 
and  0*2520  gnn.  water, 

1*5655  grm.  gave  0*2575  grm.  chloride  of  platinum  and  ammonium. 

0*7115  gnn.  gaTC  0*5320  grm.  sulphate  of  lead. 

1*2690  grm.  gare  0*1350  grm.  cUoride  of  silver,  equivalent  to  0*1312 
grm.  chloride  of  lead. 

In  100  parts  it  contained  therefore 

C   20-07 

H   2*16 

N   1*03 

0   1970 

PbO   46*71 

PbCl   JO^ 

100  00 

Tiie  substance  combined  with  the  oxide  and  chloride  of  lead  contained^ 
in  100  parts, 

C   4674 

11   502 

N   2-40 

o  

100-00 

To  the  liquid  filtered  from  the  lend  precipitate  (/},  which  was  employed 
for  the  preparation  of  the  last  compound,  there  was  added  mure  acetate  of 
lead  and  an  excess  of  ammonia.  The  bulky  precipitate  thereby  produced 
was  filtered  ofT,  completely  washed  with  water,  and  then  decomposed  with 
sulphuretted  hydrogen.  The  filtered  liquid,  which  had  the  colour  of  urine, 
was  mixed  with  oxide  of  mercury  and  left  to  stand  for  some  time.  It  was 
then  filtered  again  aud  agitated  with  metallic  mercury,  by  which  nieaus  the 
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chloride  of  merciny  contdned  In  it  was  converted  into  subchloride,  and 
Che  liquid  was  rendered  free  from  chlorine.  The  filtered  Uqmd«  which 
was  fdmost  colourless,  was  eftporftted  in  the  ttsnal  manner  by  means  of 
an  air-current,  until  its  volume  was  considerably  diminiihed.  During 
evaporation  a  little  white  mntter  was  deposited  which  was  filtered  off. 
The  mercury  contained  in  the  solution  was  removed  by  means  of  sul- 
phuretted hydrogen,  and  after  being  filtered  it  was  evaporated  as  before 
to  a  syrup.  This  syrup  was  found  to  be  insoluble  in  cold  alcohol.  It  was 
tlicrefore  dissolved  in  a  little  water.  To  the  solution  there  was  added  a 
little  acetate  of  lead,  which  gave  a  slight  precipitate,  and  this  having  been 
filtered  off,  the  liquid  was  mixed  with  alcohol  until  no  more  precipitate  was 
produced.  Tliis  precipitate,  which  was  white,  was  filtered  off,  washed  with 
alcohol*  and  dried  in  vacuo.  On  being  analysed  it  yielded  the  following 
results : — 

IX.  1*2825  grm.  gave  0*6845  grm.  carbonic  acid  and  0*2145grm.  water* 
]>5205  grm.  gave  0*0705  grm.  chloride  of  platmum  and  ammonium. 
0*7470  grm.  gave  0*6690  grm.  sulphate  of  lead. 
•  In  100  parts  it  contained  therefore 

C   14*55 

H   1*85 

N   0*29 

O   i7-42 

PbO   65-89 

100-00 

The  substance  combined  with  oxide  of  lead  coutniiied,  in  100  parts, 

C   42-67 

II   5  U 

N.   0-85 

U   5104 

lOOOO 

The  two  last  analvses  w'lW  suffice  to  showtliat  the  cl^lorido  of  lend  t}evn- 
sited  during  the  evaporation  of  the  liquid  obtained  t'roiu  the  precipitate, 
wliicli  Ijasic  acetate  of  lead  produces  in  urine  after  the  addition  of  neutral 
acetate,  takes  down  with  it  a  portion  of  the  extractive  matter,  and  that  the 
composition  of  this  portion  is  similar  to  that  of  the  rest  which  is  retained 
in  solution. 

This  scries  of  experiments  leads  to  tlie  conclusion  that  tlie  precipitate 
produced  in  urine  by  basic  acetate  of  lead  contains,  in  combination  with 
oxide  aud  chloride  of  lead,  at  least  two  extractive  matters,  one  of  which  is 
soluble  in  alcohol  and  ctlier,  the  other  soluble  in  alcohol  onlv,  but  vcrv 
similar  to  one  another  in  all  other  respects ;  and  that  it  also  aiTords  a  sub* 
stance  which  has  the  composition  and  some  of  the  pro])erties  of  glucose, 
this  being  probably  a  product  derived  from  one  or  both  of  the  extractive 
matters^  and  not  preexistiug  iu  the  urine  or  even  in  the  lead  precipitate 
itself. 
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B  (1857). 

IIa?mg  by  the  previous  experiments  determined  in  a  general  way  the 
composition  of  the  precipitate  produced  in  urine  by  basic  acetate  of  lead,  I 
now  Tffol?ed  to  ascertain  whether  the  precipitate  with  neutral  acetate  of 
lead  eontaina  any  urinary  extraetiTe  natter  in  addition  to  the  lolphate, 
phosphate,  chloride,  and  urate  of  lead,  of  which  it  chiefly  condatt.  For 
this  purpose  acetate  of  leadwaa  added  to  arine,  and  the  precipitate  thereby 
produced  was  washed  with  water  and  then  treated  with  an  excess  of  dilnte 
snlphnric  acid,  with  which  it  was  left  to  stand  fgr  some  tame.  To  the  Al- 
tered liquid,  which  had  a  deep  yellow  colour,  there  was  added  sufficient 
barytarwater  to  remore  the  snlphnrie  add»  and  then  an  excess  of  milk  of 
lime,  whidi  gafe  a  gdatinons  precipitate  consisting  ehiefly  of  phosphate  of 
lime.  The  liquid,  which  had  now  lost  much  of  its  colour,  was  filtered  and 
made  acid  with  acetic  acid.  Acetate  of  lead  now  produced  no  precipitate 
but  on  the  addition  of  ammonia  a  cream-coloured  precipitate  fell,  which 
after  being  washed  was  treated  with  dilute  sulphuric  add.  The  excess  of 
add  was  removed  hy  meens  of  earlxnuite  of  kad«  and  the  filtered  liquid 
was  evi|iorated  in  the  nsud  manner  in  a  canrent  of  air  to  a  syrup.  This 
syrup  was  dissdved  in  cold  alcohol,  and  to  the  solution  there  was  added 
an  alcoholic  solution  of  acetate  of  lead.  The  precipitate  thereby  produced 
was  filtered  off,  washed  with  dcohol,  and  then  treated  with  dilute  sulphuric 
acid.  The  excess  of  the  latter  having  been  remoTcd  as  before  by  means  of 
carbonate  of  lead,  the  filtered  liquid  was  evaporated.  The  residue  which 
was  left  was  treated  with  cold  alcohol,  and  the  dcoholic  solution,  after 
being  filtered,  was  mixed  with  twice  its  volume  of  ether,  whidi  caused  it 
to  become  milky.  After  some  time  a  glutinous  depont  settled  at  the  bot- 
tom of  the  vessel,  leaving  a  su])eraatant  liquid,  whidi  was  bright  yellow  and 
dear.  To  this  liquid  there  was  added  an  dcoholic  solution  of  acetate  of 
lead,  which  produced  a  cream«colonred  predpitate.  This  was  filtered  off, 
washed  with  alcohol,  dried  in  vacuo,  and  analyzed  as  nsnd«  the  results 
being  as  follows 

I.  0*9805  grm.  gave  0*8425  grm.  carbonic  add  and  0*2320  grm.  water. 
1*1795  grm.  gave  0*1850  grm.  chloride  of  platinum  and  ammonium. 
0*6775  grm.  gave  0*5000  grm.  sulphate  of  lead. 
0*7280  grm*  ^ve  0*0120  grm.  chloride  of  sOver,  equivdent  to  0*0160 
grm.  chloride  of  lead. 
Hence  the  compound  contained,  in  100  parts^ 

C   2313 

H   2'62 

N   01)8 

0   18-34 

PbO   5303 

FbCl    1*60 

lUUOO 
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The  composition  of  the  substance,  combined  in  this  case  with  oxide  nn;! 
chloride  of  lead,  corresponds,  if  the  great  excess  of  hydrogen  be  disregarded, 
with  the  formnhi         ^0„,  which  requires 


Calotdation. 

Experiinfint. 

c 

372 

51-Sl 

51-CG 

h'.  

36 

5-01 

5  79 

N  

14 

1-95 

2-17 

0^  •••••« 

296 

41-23 

40-38 

718 

100*00 

10000 

This  formula  diflera>  as  will  be  seen,  only  by  three  atoms  of  water  from 
that  to  which  the  first  analysis  of  the  preceding  series  led,  though,  like  the 
latter,  it  does  not  represent  n  pure  unmixed  substance.  It  may  therefore 
be  Inferred  that  the  precipitate  produced  in  urine  by  neutral  acetate  of  lead 
contains  the  same  extractive  matters  as  the  precipitate  which  basic  acetate 
of  lead  gives  in  the  filtrate.  This  conclusion  was  confirmed  in  a  very  satis- 
factory manner  by  subsequent  experiments. 

• 

C  (1807). 

The  facility  with  which  the  hydrochloric  acid  derived  from  the  chloride 
of  sodium  of  the  urine  is  removed  from  solutions  of  urinary  extractive 
matters  containing  the  acid,  by  means  of  oxide  of  mercury  and  metallic 
mercury,  led  me  to  try  this  method  of  purification  on  a  somewhat  larger 
scale  than  before.  For  this  purpose  a  quantity  of  urine  was  mixed  with 
acetate  of  lead,  and  to  the  liquid  filtered  from  the  precipitate  basic  acetate 
of  lead  was  added,  which  produced,  as  usual,  a  second  precipitate.  This 
precipitate  was  filtered  off,  washed,  and  treated  with  dilute  sulphuric  acid. 
The  excess  of  acid  having  been  removed  by  means  of  carbonate  of  lead,  the 
filtered  liquid  was  evaporated  in  the  air-current.  The  residue  led  on  eva- 
poration was  treated  with  cold  water,  which  left  undissolved  a  mixture  or 
compound  of  chloride  of  lead  and  extractive  matter.  This  was  filtered  off, 
and  the  lead  still  contained  in  solution  was  precipitated  by  a  current  of 
sulphuretted  hydrogen.  The  filtered  liquid  containing  hydrochloric  acid 
was  now  agitated  with  freslily  precipitated  oxide  of  mercury,  to  which  some 
metallic  mercury  was  added.  As  soon  as  it  had  become  free  from  chlorine^ 
it  was  again  filtered  and  evaporated  in  the  air-current.  The  glutinous 
residue  left  on  evaporation  was  treated  with  cold  alcohol,  in  which  only  a 
trace  dissolved.  That  which  was  left  undissolved  by  the  alcohol  was  now 
dissolved  in  water,  and  through  the  sohition,  which  contained  an  abundance 
of  mercury,  a  current  of  sulphuretted  hydrogen  wns  passed,  and  the  filtered 
liquid  was  evaporated.  The  residue  was  treated  with  cold  alcohol.  A  pale 
yellow  glutinous  substance  was  left  undissolved,  which  was  diii^olved  in 
water.  The  watery  solution  was  mixed  with  ammonia,  with  which  it  gave 
n  flocciilent  precipitate.  To  the  filtered  liquid  there  was  added  acetate  of 
lead,  and  the  precipitate  thereby  produced  was  filtered  ofi^,  washed^  and 
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dissolved  iu  acetic  acid.  The  filtered  solution  was  nilxt  il  with  a  large 
quantity  of  alcohol,  waicii  produced  a  pale  cream-coluarc'<i  precipitate. 
This  was  filtered  off  and  prepared  for  analysis  in  the  usual  manner. 

I.  1*3755  grm.  ot  thi;9  compound  gave  0'bI25  grm.  carbonic  acid  and 
0'2770  grm.  water. 

2*0605  grms.  gave  0*1 175  grm.  chloride  of  platinum  and  ammonium. 

0*G830  grm.  eavc  0'j7S.>  grni.  sulpiiate  of  lead. 

These  numbers  lead  to  the  foliowmg  composition : — 

C   1611 

H   2-23 

N   0-35 

0   18-99 

PbO   ri2'32 

10000 

The  oompoudon  of  the  organie  sahstance,  combined  with  the  oxide  of 
lead,  may  he  expressed  by  the  formubt  C,^  H„  NO^,,  which  requires 

Caleulation.  Ezperiment* 


C„    516  42*68  42*75 

  71  5*87  5*93 

N   14  1-15  0-95 

  Jj08  o()-30  50*37 

1209     100*00  100^00 

It  will  be  seen  that  the  Analyses  VII,  and  IX.  of  Series  A,  which  were 
made  with  compounds  prepared  in  the  same  manner  as  this»  led  to  almost 
the  same  composition.  It  must  not  be  inferred  from  this  that  these  were 
all  compounds  of  a  pure  substance  with  oxide  of  lead.  It  is  more  probable 
that  the  oxide  of  merenry  employed  in  their  preparation  had  simply  the 
effect  of  removing  certain  substances  from  the  solution  with  which  it  was 
brought  into  contact,  leaving  a  mixture  of  others,  the  quantities  of  which 
stood  in  acertain  uuTaxyiug  ratio  to  one  another.  That  the  above  formula 
represents  a  mixture  containing  glucose  is  very  probable,  as  I  shall  atlter- 
wards  show ;  and,  on  the  other  hand,  it  is  certain  that  a  great  part  of  the 
extractive  matters  entered  into  combination  with  the  oxide  of  mercury,  as 
the  solutions,  after  being  shaken  up  with  the  oxide,  became  scTeral  shades 
lighter  in  colour.  It  is  also  not  improbable  that  oxide  of  mercury  causes 
the  extractive  matters  to  undergo  a  certain  degree  of  oxidation — a  conclusion 
to  which  the  large  percentage  of  oxygen  yielded  by  the  analysis  just  given, 
as  well  as  the  two  others,  seems  to  point.  In  my  subsequent  experiments 
I  therefore  ceased  to  employ  oxide  of  mercury  except  as  a  means  of  puri- 
fying the  extractive  matter  insoluble  in  ether  and  alcohol. 

The  mixture  or  compound  of  chloride  of  lead  and  extractive  matter  ob- 
tained as  usual  in  this  experiment  was  employed  for  the  preparation  of  a 
compound  containing  less  chloride  of  lead,  the  process  being  the  same  as 
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that  adopted  in  preparing  for  Analysb  VIII.  of  Serict  A.  It  was  also  iot- 
lysed,  but  the  results  present  nothing  of  hiteiest* 

D  (1857). 

The  lead  compounds  uext  analyzed  -were  procure d  from  the  same  source 
as  those  of  Series  A.  Urine  was  mixed  with  a  solution  of  acetate  of  lead 
as  Ioul:  as  a  precipitate  Wiis  produced,  and  to  the  filtered  liquid  basic  ace- 
tate of  lead  was  added,  which  gave,  as  usual,  nu  abuudaut  precipitate. 
Tliis  was  allowed  to  settle,  washed,  filtered  off,  and  thcu  treated  with  cold 
dilute  sulj)huric  acid.  The  excess  of  the  latter  having  been  removed  by 
means  of  carbonate  of  lead,  the  liltered  liquid  was  evaporated  in  the  usual 
manner  by  means  of  a  current  of  air.  The  syrup  which  was  left  behind 
was  dissolved  in  a  little  water,  and  the  solution  was  mixed  with  a  large 
(pmntity  of  alcohol.  To  the  filtered  lit|uid  there  was  added  an  alcoholic 
solution  of  acetate  of  lead  and  some  ammonia.  The  precipitate  thereby 
produced  was  filtered  off,  washed  with  alcohol,  and  then  treated  with  dilute 
sul])huric  acid.  The  excess  of  acid  having  been  removed  with  carbonate 
of  lead,  the  filtered  liquid  was  evaporated  in  the  usual  manner  to  si  syrup. 
This  syrup  was  poured  into  a  tlask  together  with  a  little  alcohol,  and  a  large 
quantity  of  ether  was  then  added,  whicb  caused  the  separation  of  a  glutinous 
substance  that  was  slowly  licposited  at  the  bottom  of  the  vessel.  After 
the  ethereal  solution  had  become  clear,  it  was  poured  oi\  from  the  glutinous 
deposit  (a  )  and  evaporated,  and  the  residue  was  treated  with  water,  which 
left  a  little  fatty  matter  undissolved.  The  filtered  liquid  was  evaporated 
in  the  usual  manner  to  a  syrup,  which  was  dissolved  in  alcohol.  On  the 
addition  of  acetate  of  lead  and  a  little  ammonia  to  this  solution,  a  cream- 
coloured  precipitate  fell,  which  was  filtered  ofT,  washed  with  alcohol,  dried 
in  vacuo,  and  analyzed.    It  contained  no  trace  of  chloride  of  lead. 

I.  0  U90o  grm.  gave  O  /l-lS  grm.  carbonic  acid  and  0-2030grm.  water. 

1*2625  grm.  gave  0'1285  grm.  chloride  of  platinum  and  ammoiuum. 

0-(i400  grm.  gave  0-5265  grm.  sulphate  of  lead. 

These  uumbers  correspoud,  in  100  parts,  to 


C    19-67 

H    2-27 

N    003 

O    16-90 

VhO    60  53 

100  00 

The  substance  combined  with  oxide  of  lead  contained,  in  100  parti» 

0    49-83 

fi    575 

N    1-62 

O    4280 

100-00 


It  Hill  be  leen  that  the  compositlott  of  the  substance  ecmlMned  with  oside 
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of  leid  is  DCttrly  the  same  w  that  to  which  Analysis  I.  Series  A.  led,  and 
whieh  was  expressed  by  the  formula  C^^  N  O^^.  It  may  also  be  remarked 
S8  a  angular  circumstance^  that  the  quantity  of  oxide  of  lead  fmmd  in  the 
present  analysis  is  equal  to  the  sum  of  the  oxide  of  lead  and  chloride  of 
lead  (52*26+ 8*40)  of  the  former.  Hence  it  may  be  inferred  that  in] these 
compounds  the  chloride  of  lead  and  oxide  of  lead  rc])lace  one  another 
weight  for  weight,  and  not  according  to  their  respective  equivalents.  The 
same  circumstance  occurred  on  several  other  occasions*,  otherwise  it 
might  have  been  attributed  to  mere  accident. 

The  glutinous  substance  (a),  insoluble  in  the  mixture  of  alcohol  and  ether, 
was  treated  with  water.  The  liquid,  after  being  filtered  from  some  undis« 
solved  mattef,  consisting  chiefly  of  chloride  of  lead,  was  mixed  with  a  solu- 
tion of  acetate  of  lead  and  a  large  quantity  of  alcohol,  which  produced  a 
cream-coloured  precipitate.  This  was  filtered  off,  and  after  being  treated 
in  the  usual  manner,  submitted  to  analysis,  the  results  being  as  follows 

II.  1  '5515  grm.  gave  0*9550  grm.  carbonic  acid  and  0*3295  gnn.  water. 

2*05/5  grms.  gave  0*3 1.30  grm.  chloride  of  platinum  and  ammonium. 

0  9105  grm.  gave  0*68/5  grm.  sulphate  of  lead. 

1*1 730  grm.  gave  U  2o40  grm.  chloride  of  ailver,  equivalent  to  0*22/4 
gnu.  chloride  of  lead. 

These  numbers  lead  to  the  following  composition  : — 

C    16-96 

H   i   2-35 

N    I'CM 

O    20-24 

PbO    40*02 

PbCl   19-39 

100-00 

The  composition  of  the  organic  portion  of  the  compound  may  in  this 
case  be  represented  bj  ibe  formula  C,^  II,,  NO^  wbicb  requires 

Caloulatiou.  Experiment. 


C„                228  41*99  4179 

H«                 29  6-34  5*81 

N                  14  2-67  2*57 

0„                  272^  50-10  49-83 

543  100*00  100*00 


Tilt'  nrixlure  of  extractn-e  matter  and  cliloride  of  load  ol)tained  in  this 
cnse  was  trtv-t'^d  in  the  manner  l)i'f()rc  dcscriljc'd,  and  a  compound  \vns 
obtained  which  was  also  analyzed;  but  the  details  need  not  be  given  as 

*  "Por  eiaiiiple,  tlio  percciitai^i' of  o\Me  of  l«  :idof  tlio  sixth  luinlygis  of  Series  A 
(67*^)  i*  t^qiial  to  tho  Buin  of  the  oxide  of  lead  nnd  chloridt  <  f  h  ml  of  the  i<e<oJid  aiia- 
lv»ia  of  t  he  *arnc  tmV's  (67  84),  the  amount  of  oUier  coiu>titueiil8  jield(d  bj?  the  two 
aoaljrses  being  nearly  the  eaiue. 
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they  possess  no  interest.  I  may  state»  however,  that  it  contained  40  per 
cent,  of  oxide  of  lead  and  35  per  cent,  of  chloride  of  lead,  and  that  the 
composition  of  the  remaining  25  per  cent,  of  organic  substance  did  not 
differ  very  widely  from  that  to  which  the  preceding  analysis  conducted. 

E  (1858). 

After  having  added  to  urine  an  excess,  first  ol  acetate  and  then  of  basic 
acetate  of  lead,  the  liquid  is  found  to  have  lost  the  greatest  part  of  its 
colour.    Nevertheless  it  produces  with  ammonia  a  bulky  precipiUte,  which 
is  similar  in  appcaranoL-  to  tlic  two  other  lead  precipitates,  and  also  con- 
tains some  extractive  matter.    The  object  of  this  series  of  experiments  was 
to  ascertain  whether  the  composition  of  this  portion  of  extractive  matter  is 
the  same  as  that  of  the  portion  contained  in  the  two  other  precipitates. 
A  quantity  of  urine  was  accordingly  mixed  with  acetate  of  lead,  and  then 
with  basic  acetate  of  lend,  until  the  latter  gave  no  muie  precipitate.  After 
the  liquid  had  become  clear,  it  was  decanted  and  mixed  with  an  excess  of 
ammonia.    The  precipitate  thereby  produced  was  allowed  to  settle,  filtered 
off,  completely  washed,  and  then  treated  with  dilute  sulphuric  acid  in  the 
cold.    The  excess  of  the  latter  was  removed  by  means  of  carbonate  of  lead, 
and  the  filtered  liquid  was  evaporated  as  usual  by  a  current  of  air.  The 
residue  left  on  evaporation  was  treated  with  cold  water,  and  the  liquid^ 
after  heinj;  liltered  from  the  mixture  of  chloride  of  lead  and  extractive 
matter  («)  left  undissolved,  was  cva]>orated  as  before.    The  syrupy  residne 
)iow  left  was  well  shaken  with  cold  alcohol,  which  left  a  portion  f^b)  uiidis- 
solved.    The  filtered  liquid  w  ar^  evaporated,  and  the  residue  ha\ing  been 
dissolved  in  a  little  uleohol,  die  solution  was  mixed  with  a  large  quantity  of 
ether,  which  nnide  it  milky  aud  produced  a  copious  synip-like  deposit  (c). 
This  was  allowed  to  settle,  and  the  ethereal  lii[uid  was  poured  off  and  eva- 
porated.   The  residue  left  on  cvaporaiion  was  dissolved,  in  cold  alcohol, 
and  to  the  solution  there  was  added  an  alcoholic  solution  of  acetate  of 
lead,  which  produced  a  precipitate  containing  much  chloride  of  lead.  The 
addition  of  a  little  ammonia  to  the  filtered  liquid  gave  rise  to  a  second 
])reeipitate,  which  was  filtered  ofF,  washed,  and  prepared  in  the  uauai 
manner  for  analysis. 

I.  0-81():)  grm.  gave  0*5000  grm.  carbonic  acid  and  0*1240  grm.  water. 

1*1070  grm.  gave  ()  ir»()."i  grm.  chloride  of  platinum  and  ammoniuiu. 

O'.'t.')/.')  grm.  gave  O  .ViS.")  grm,  sulphate  of  lead. 

In  100  ^arts  it  contained  therefore 

C   16-22 

H   1-63 

N   0-90 

0   11-60 

.    PbO   6975 

100  00 
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Tiie  substance  combined  with  oxide  of  lead  contained,  in  100  parts, 


10000 


This  amdjeis  yielded  so  large  an  amount  of  nitrogen  and  so  little  hydro- 
gen  and  oxygen  as  compaied  with  the  preceding  analyse?,  that  it  beoomeB 
diflficnlt  to  bring  it  into  haimony  with  the  latter  without  having  Teconrse  to 
very  improbable  hjpothe8e8«  This  discordance  would,  however,  not  be 
sufficient  to  justify  the  conclusion  that  the  extractive  matter  soluble  in 
ether  contained  in  the  precipitate  with  ammonia  has  a  different  composi- 
tion from  that  prepared  in  the  same  way  from  the  two  other  lead  precipi- 
tates. By  snh^^equcnt  experiments  it  was  indeed  rendered  very  probable 
that  they  are  identical  in  composition.  It  umy  tlicrefore  he  inferred  that 
in  tbi?  rase  the  discrepancy  was  due  to  some  error,  perhaps  analytical.  I 
should  have  hesitated  iu  giving  the  details  of  tin-*  nnalysi?  had  I  not  been 
desirous  of  presenting,  withont  making  any  selection,  the  whole  of  the  evi- 
dence on  which  my  final  conclusions  arc  based. 

The  symp-like  deposit  (c),  insoluble  in  ether,  was  dissolved  in  alcohol. 
The  solution  was  mixed  with  an  alcoholic  solution  of  acetate  of  lead,  and 
the  precipitate  tht  i\  ])y  produced  was  filtered  off,  waslied  with  alcohol,  and 
treated  with  dilute  sulphuric  acid.  The  excess  of  acid  wns  removed  by 
means  of  carbonate  of  lead,  aud  tlie  filtered  liquid  was  evaporated  in  the 
nir-cnrrent.  The  residue  left  on  evaporation  was  treated  witii  cold  water, 
\^!iich  left  a  quantity  of  chloride  of  lead  undisbulvtd;  aud  to  the  filtered 
lifpiid  there  wa>  added  acetate  of  lead,  and  tlicn  a  large  quantity  of  alcoliol. 
This  gave  a  precipitate  which,  after  being  treated  m  the  usual  manner,  was 
analyzed,  the  results  obtained  being  as  follows  : — 

II.  I'l540grm.  gave  0  6320  grm.  carbonic  acid  and  0  '2050gTm.  water. 

1*7405  grm.  gave  0  2700  grm.  chloride  of  platinum  and  ammuiiium, 

0*300')  grm.  gave  0'2570  grm.  sulphate  of  lead. 

0'7200  grui.  gave  0'1015  grm.  chiuiide  of  silver,  et^uivaleut  to  0'0tl86 
grm.  chloride  of  lead. 

In  100  parts  it  contained  therefore 


lOOdO 

The  substance  combined  with  oxide  and  chloride  of  lead  contained,  in 
100  parts, 


C 
H 

N, 
O 


14*93 
1-9; 
0-97 
16  51 
51-92 

\:V70 


PbO. 
PbCl 
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C   43-43 

H   5  76 

N   2-82 

0   48>02 

100*00 

Several  subscijucnt  nnnlyscs  led  to  the  snnie  composition  astliis.  I  shall 
therefore  defer  for  the  present  giving  tho  corresponding  formula. 

The  syrupy  matter,  in«:olul>lc  in  cold  nlcohol  {^b},  was  treated  with  cold 
vrater,  which  left  a  quuutity  of  jrclatinous  matter  undissolved.  Tliiuuixh 
the  filtered  liquid  sulphuretted  liydrogen  was  passed  in  order  to  precipitate 
the  lead  in  solution,  and  after  being  again  filtered  it  was  evaporated  in  the 
air-current  to  a  pyrnp,  which  was  treated  with  coKl  alcohol  as  long:  as  any- 
thing was  dissolved.  A  portion  (d)  was  kit  uiidissolved.  To  the  filtered 
liquid  there  was  added  an  alcoholic  solution  of  acetate  of  lead,  which  j)ro- 
dnced  a  cream-coloured  jiiLCipiiate.  This  was  filtered  off  and  treated  as 
usual  before  being  analyzed. 

III.  1*1430  grm.  gave  0  .»310  sjrm.  carbonic  acid  and  01  720  [»rm.  water. 

1*6965  grm.  gave  0*1100  grm.  clibride  of  ])latinuin  and  ammonium. 

0  6470  grm.  gave  ()■<»- 15  grm.  sulphate  of  lead. 

1*0900  grm.  gave  0  0485  grm.  chloride  of  silver,  equivalent  to  0*047 1 
grm.  chloride  ot  lead. 

lu  100  parts  it  contained  therefore 

C   12*67 

II   1*67 

N   0*40 

0   1.1*39 

VhO    67-55 

PbCl    4-32 

100*00 

The  substance  combined  with  caide  and  chloride  of  lead  coutaiued.  iu 
100  parts, 

C   45-04 

II   5*94 

N    1-44 

O   47  5S 

100*00 

The  portion  of  the  syrupy  residue  (d)  whieb  was  left  undissolved  by  cold 
alcohol  in  the  preparation  of  the  preceding  compound  was  dissolved  in  cold 
water,  and  to  the  solution  acetate  of  lead  and  nlcoliol  were  added,  which 
produced  a  dirty-white  precipitate.  This  was  filtered  off,  washed  with 
alcohol,  suspended  in  water,  and  decomposed  with  sulphuretted  hydrogeo. 
The  filtered  liquid  was  evaporated  in  the  air-current,  and  the  syruj^y  residue 
was  treated  with  alcohol,  which  left  a  portion  of  it  undissolved.  The  l«t4er» 
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■Iter  the  liquid  faid  been  ponred  ofl;  wm  dimolred  in  inter,  and  the  solu- 
tiomuted  with  eceUte  of  lead  and  aloohoL  The  dirtj-white  precipitate 
therebj  prodaoed  was  filtered  ofi;  washed,  dried,  and  analyzed. 

lY.  0-5750  grm.  gaye 0*5355  grm.  carbomeadd  and 0-2010  grm.  water. 

0*7260  grm.  gaTe  0*2595  grm.  ehlortde  of  phtinmii  and  ammoninm. 

0*3583  grm.  gaie  0*1930  grm.  aolphate  of  lead. 

In  100  parte  it  contained  therefore 


C   25-39 

n  3-88 

N   2-24 

0   28-91 

PbO  

10000 

The  substanoe  eombmed  with  oxide  of  lead  contained,  in  100  parte, 

C   42*02 

H   6*42 

N   3*70  * 

O   47-86 

lUO'OO 


The  results  obtained  in  this  analyni  approximate  to  those  yielded  hf 

Analysis  11.,  Series  D. 

The  mixture  of  cliloride  of  lead  and  extractive  matter  (a)  which  was  ob- 
tnined  in  this  scries  of  experiments  was  uli^o  examined,  and  a  lead  com  pound 
was  prepared  from  it  whicli  was  submitted  to  analysis.  The  results,  how- 
ever, do  not  ])0«;sess  sutHcient  interest  to  make  them  worthy  of  communica- 
tion. Tiiey  served  to  show  that  tlie  ori^anlc  portion  of  the  mixture  did 
not  differ  in  composition  very  widely  from  the  extractive  matters,  the  com- 
pounds of  which  had  hcpii  ]'/rcvion!ily  analyzed. 

It  was  about  this  titiic  t!i;,i  I  made  a  discovery  of  some  iuture-i  comiected 
with  the  chemistry  of  urine.  I  was  occupied  with  the  examination  of  the 
lead  precipitate  produced  by  ammonia  in  the  lirpiid  filtered  from  the  pre- 
cipitate with  ba.-ic  acetate  of  lead,  and  having;  treated  it  in  the  manner 
above  described  for  the  purpose  of  separating  the  extractive  matters  con- 
tained in  it,  I  obtained  an  alcoholic  solution  of  the  latter,  to  wliieh  I  added, 
as  usual,  a  quantity  of  ether,  and  I  observed  at'ter  some  time,  mhiulcd  with 
the  glutinous  deposit  produced  l)y  the  ether,  a  (juantity  of  crystalline 
matter.  On  pouring  off  the  iupiid  and  adding  a  little  cold  water  to  the 
deposit,  the  crystalline  portion  waa  left  undissolved,  and  after  filtration  and 
washinp^  had  the  appearance  of  a  silky  muss  of  a  brownish  hue.  By  dis- 
solving^ it  in  boiling  water  and  adding  aniniul  chnrcoal,  the  colour  was  rc- 
muved  ;  and  on  evaporating  the  filtered  li(piid  I  obtained  a  substance,  crys- 
tallizing in  white  silky  needles,  wliieh  had  the  properties  of  tyrosine.  It 
was  very  little  soluble  in  cold  water,  and  crystallized  from  the  solution  ia 
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boiling  water  in  flnoir- white  masses  consbting  of  star-shaped  groups  of 
needles.  It  gave,  on  being  tried  by  Tiria's  method  for  disoorering  tyro- 
nne,  a  veiy  decided  reaction.  Its  watery  solation  also  gave^  with  nitrate 
of  mercury,  the  reaction  peculiar  to  tyrosine. 

Among  my  collection  of  products  from  urine,  there  is  one  also  belonging 
to  this  period ;  but  by  what  means  it  was  procured  I  cannot  state,  as  I 
can  find  no  memoranda  re  lating  to  it  among  my  notes.  All  that  I  can  say 
regarding  its  preparation  is,  that  it  was  obtained,  like  the  other,  from  the 
lead  precipitate  with  nmmoiiia,  and  1  think  by  a  similar  process.  It  is» 
howerer,  totally  different  in  its  properties.  It  consists  of  regular,  colour- 
less  ciystals,  and  has  a  sweet  taste.  It  dissolves  in  boiling  water,  but  is 
not  easily  soluble  in  cold  water.  Its  watery  solution,  on  the  addition  of  a 
salt  of  co])])er  and  an  excess  of  caustic  fh  In,  turns  blue;  but  no  suboxide 
of  copper  is  deposited  on  boiling  the  liquid.  From  its  giving,  when  treated 
in  the  maimer  described  by  Scherer,  with  nitric  acid,  then  with  chloride  of 
calcium  and  ammonia,  the  pink  colour  characteristic  of  inosite,  I  condnde 
that  it  consists  of  that  peculiar  species  of  sugar. 

It  is  well  known  that  both  tyrosine  and  inosite  are  found  in  the  urine  in 
disease ;  and  as  the  urine  employed  in  my  experiments  was  secreted  by  a 
great  number  of  individuals,  it  seemed  not  improbable  that  among  those 
individuals  there  might  be  some  whose  urhie  contained  those  bodies  as  the 
result  of  some  morbid  condition.  In  this  case  it  would  be  the  precipitates 
with  basic  acetate  of  lead  and  with  ammonia  in  which  these  substances 
would  be  found,  as  they  are  neither  of  them  precipitated  by  neutral  acetate 
of  lead.  It  is  possible,  however,  that  their  occurrence  may  be  due  to  some 
peculiar  decomposition  undergone  by  the  extractire  matters.  I  shall  return 
to  this  point  when  I  come  to  describe  the  properties  of  the  latter. 

F(I8G0). 

The  inTCstigation  had  now  reached  a  point  at  which,  in  my  opinion,  no 
advantage  was  to  be  derived  from  attempting  to  devise  new  methods  of 
preparing  the  bodies  under  examioation  for  analysis.  I  preferred  going 
over  the  ground  again,  employing  the  same  methods  as  before,  and  obtain- 
ing,  if  possible,  some  confirmation  of  the  previous  results. 

The  series  of  experiments  now  to  be  described  consists  of  a  renewed  ex- 
amination of  the  three  lead  precipitates  in  which  the  urinaij  extracttTe 
matters  arc  contained — that  produced  in  urine  with  neutral  acetate  of  !eid» 
that  with  basic  acetate  of  lead  in  the  liquid  filtered  from  the  first»  and  that 
with  ammonia  in  the  liquid  filtered  from  the  second  precipitate* 

The  precipitate  with  acetate  of  lead  was  treated  in  the  manner  deseiibed 
in  giving  an  account  o{  the  experiments  of  Series  B.  After  being  waslicd 
it  was  decomposed  with  sulphuric  acid ;  the  exeess  of  the  latter  was  i^mo^ed 
from  the  filtered  liquid  by  means  of  eaustic  baryta,  and  the  phosphoric 
acid  was  precipitated  by  adding  milk  of  lime.  The  filtered  liquid  having 
been  mixed  with  an  excess  of  acetic  acid,  acetate  of  lead  and  ammonia  were 
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added  to  it,  prodacing  a  cKam-coloured  precipitele.  Thit  was  filtered  off, 
washed  with  wateri  and  treated  with  dilate  sulphuric  add.  The  eieess  of 
the  ktter  hafing  heen  lemoTed  by  means  of  carbonate  of  lead»  the  filtered 
liquid  was  evaporated  in  the  air-eurrent.  The  chloride  of  lead  which  was 
deposited  dariqg  evaporation  was  filtered  off,  and  the  syrupy  rettdue  which 
was  left  at  last  was  treated  with  cold  alcohol.  The  liquid  was  poured  off 
from  the  undissolved  portion  and  eyaporated,  and  the  syrupy  residue  having 
been  again  dissolved  in  a  little  alcohol,  Uie  solution  was  mixed  with  a 
large  ([naT  tity  of  ether,  which  threw  down  a  portion  of  the  matter  in  solu- 
tion. The  liquid,  which  was  of  a  golden-yellow  colour,  was  poured  off  from 
the  insoluble  deposit  and  evaporated  to  a  syrup.  This  syrup  was  poured 
into  a  flask  and  agitated  with  a  quantity  of  ether.  Ailter  standing  for  some 
time,  the  ether,  which  had  dissolved  a  portion  of  the  syrup,  was  poured  off 
and  evaporated.  The  residue,  which  was  free  from  compounds  of  chlorine, 
was  dissolved  in  alcohol,  and  to  the  solution  there  was  added  an  alcoholic 
solution  of  acetate  of  lead,  which  produced  a  precipitate  of  the  usual  colour. 
This  was  filtered  off,  washed  with  alcohol,  dried  in  vacuo,  and  analysed,  the 
following  results  being  obtained : — 

I.  1*1080  grm.  gave  0*9095  grm.  carbonic  acid  and  0*2500  grm.  water. 

I*563n  grm.  gave  01 360  grm.  chloride  of  platinum  and  ammonium* 

0*71  GO  irrm.  gave  0*5430  grm.  sulphate  of  lead. 

These  numbers  lead  to  the  following  composition : — 

C    22*38 

H    2-50 

N    0-54 

O    1«78 

PbO   55-80 

100*00 

The  oomporiticm  of  the  substance  combined  with  oxide  of  lead  corresponds 
in  this  case  with  the  formula     H,,  N  O ,  ^,  which  requires 


ColculatiuQ.  £xperuueut. 

,  ^  

Cm                   516         50*83  50-65 

H„                  53          5*22  5*67 

N                     14           1*37  '  1*22 

  432        _42*58  *  42*46 


1015        10000  10000 

On  a  previous  occasion  thi  iui;ilv.«is  of  liil'  lead  compoinul  of  die  c  ^tractive 
matter  soluble  in  ether  kd  to  ilie  iormnla  11.,  NO,  ,,  whicli  diliers  from 
the  above  by  two  equivalents  of  water.  This  difference  might  be  ascribed 
to  a  more  or  less  perfect  desiccation  of  the  lead  compound ;  but  I  think  it 
is  more  probably  due  to  an  absorption  in  one  case  of  the  elements  of  water, 
a  process  which  often  takes  place  with  bodies  of  this  class*  From  the  ez« 
tractive  matter  insoluble  in  ether  but  soluble  in  aleohol  I  also  pi  epared  a 
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lead  compound,  but  the  quantity  obtained  was  not  sufficient  for  a  complete 

analysis. 

The  precipitate  with  hasic  acetate  of  lead  was  submitted  to  B  process 
which  did  not  differ  from  that  just  described,  except  in  being  rather  simpler 
on  account  of  the  absence  of  phosphoric  acid.  It  yielded  by  this  treatment 
four  Fubstances  ;  viz.  one  soluble  in  ether  (a),  a  second  soluble  in  nlcohol 
but  insoluble  in  ether  (^),  a  third  insoluble  in  a  mixture  of  alcohol  and 
ether  (c),  and  a  fonrtli  insoluble  in  alcohol  as  well  as  in  ether  (</).  The 
substance  soluble  in  ether  (o)  was  dissolved  in  absolute  alcohol,  and  to  the 
solution  there  was  added  an  alcoholic  solution  of  acetate  of  lead,  which  gare 
a  precipitate  of  the  usual  colour.  This  was  filtered  off  and  prepared  in  the 
same  mnnner  as  before  for  analysis. 

11.  07215  grm.  of  this  compound  gaye  0*6155  grm.  carbonic  add  nnd 
0*1695  grm*  water. 

1 '  1 295  grm.  garc  0  1215  grm.  chloride  of  platinum  and  ammonium, 

0*4820  grm.  gave  0  3G80  grm.  sulphate  of  lead* 

In  100  parts  it  contained  therefore 

C    23-26 

H    :   2-61 

N    0-67 

O    17-29 

PbO    56-17 

100  00 

The  substance  combined  with  oxide  of  lead  contained*  in  100  parts* 

C    53-06 

H    5-95 

N    1-52 

O    _39-47 

•  lOUUO 

Tlie  composition  of  the  substance,  combined  in  this  case  with  oxide  of 
lead,  differs,  as  will  be  seen,  yery  widely  from  that  of  the  extractive  matter 
soluble  in  ether  as  determined  by  previous  experiments.  This  want  of  ac* 
cordnnce  is  surprising,  and  I  can  only  attribute  it  to  some  error  in  the  ana> 
lysis.  The  ratio  between  the  nitrogen*  the  carbon,  and  the  hydrogen  is 
about  the  same  as  usual,  and  the  discrepancy  may  therefore  have  arisen 
from  an  error  in  the  estimation  of  the  oxide  of  lead.  There  was  not  suffi- 
cicnf  material  left  for  another  determination. 

The  substances  {b)  and  (c),  which  I  supposed  to  be  essentially  the  same', 
were  dissolved  together  in  absolute  alcohol.  The  solution  was  filtered  from 
a  small  quantity  of  insoluble  matter,  and  there  was  added  to  it  an  alcoholic 
s  olution  of  acetate  of  lead,  which  produced  n  precipitate  of  the  usual  colour* 
This  was  filtered  off,  washed*  dried*  and  analysed  with  the  following 
results : — 
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III.  0*5853  grin,  gave  0'4100  grm.  cfabutiie  acIX     !  0*1230  grni.  water. 
0*7835  grtn.  gave  0*1  62j  grin,  cahiride  of  platiiuiiu  aud  aaiinouium. 
0*4300  grm.  gave  Q-^  JOa  ^:rm.  sulphate  ot~  liatl. 

0-50H.J  e^nn.  gave  0  0800  gnu.  chloride  of  silver,  ct^u^valcuL  to  0  0777 
grm.  cUlorii  Ic  ill  IlvkI. 

Tiieae  uumbera  lead  to  the  following  composition  :— 

C    19-09 

H    2-33 

N   1-30 

O    18-39 

i'l>U    i3T)0 

PbCi    1;VJ9 

IdOOO 

The  composition  of  the  extractive  matter  contained  iu  this  lead  com- 
pound corresponds  with  the  formula  C^^  H„  NO^^  which  requires 


^  Calculation. 

B&ptffiiiMiiL 

' • . .  228 

46-24 

46*44 

H„   

27 

5-47 

5-66 

N   

. . . .  14 

2-83 

3-16 

....  224 

45-46 

44-74 

493 

luo-ou  • 

100-00 

The  substance  was  treated  with  cold  water,  which  dissolved  the  whole 
of  it,  with  the  exception  of  some  chloride  of  lead  which  wn<?  filfrinl  off. 
Sulphuretted  hydrogen  was  parsed  throiigh  the  liquid  iu  ordrr  to  |)rcci])i- 
tate  the  len  !  iu  solution  ;  and  havins:  been  iigniu  Idtered,  it  was  stirred  in  a 
mortar  with  sulphate  of  silver,  by  wliich  means  the  hydrochloric  acid  as 
well  as  the  excess  of  sulphuretted  liydrogt  n  r  >ti:;iined  in  it  were  removed. 
Through  the  filtered  liquid  sulphuretted  hytlto-ta  was  passed  in  order  to 
precipitate  the  silver  iu  solution.  It  was  then  filtered  again,  agitated  with 
carbonate  of  lead  in  order  to  remove  the  sulphuric  acid,  filtered,  freed  from 
excess  of  lead  hy  sulphuretted  h3-(lrogen,  filtered  a»ain,  and  then  evaporated 
iu  the  air-current  to  a  syruj).  This  syrii[)  in-  1m  en  dissolved  in  water, 
acetate  of  lead  was  added  to  the  solution,  uhitli  ulLci  liltiation  was  mixed 
V.  iih  a  large  ([uautity  of  alcohol.  This  produced  a  precipitate,  which  was 
liltcrcd  off,  washed  with  alcohol,  suspended  in  water,  and  decomposed  with  • 
sulphuretted  hydrogen.  The  filtered  liquid  was  evaporated  iu  the  air-eur- 
rent  to  a  syrup,  which  was  treated  with  cold  alcohol  until  all  the  soluble 
matter  was  removed.   The  portion  insoluble  in  alcohol*  was  dissolved  in 

•  A  part  only  of  this  wtk*  imipiu^etl  iii  the  preparation  of  ihe  iuid  compound.  Tlio 
reuiaindcr  was  kept  iu  a  flank  for  a  conaidcrabLo  time.  It  was  then  found  to  have  dcpo- 
ntcd  a  quantity  of  eryitalline  matter,  which  remained  undinolted  on  Hm  addition  of 
cold  water,  but  waa  soluble  in  boitinj^  water.  The  boiling  solution,  after  being  decolo- 
rind  with  animal  clmrcoal  and  filtered,  depositod,  on  eooling,  a  quantitj  of  tyroiino  in 
iiliitt  eryetaUine  naedlM. 
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water,  and  to  the  solution  ncetnte  of  lead  was  added,  which  gave  a  slight 
precipitate.  The  filtered  liquid  was  mixed  with  a  largeqaantity  of  alcohol, 
which  produced  a  creani*coloured  precipitate.  This  was  filtered  off  and 
prepared  in  the  usual  manner  for  analysis. 

1 V.  1  U485  grm.  gave  0*6810  grm.  carbonic  acid  and  0*2195  gnn.  water. 

1  '5 140  grm.  gave  0*2755  grm.  chloride  of  platinum  and  ammonium* 

0-6120  grm.  gave  0  4820  grm.  sulphate  of  lead. 

lu  100  parts  it  contained  therefore 

C    1771 

H    2-3(2 

N    1*12 

O    20'90 

PbO    57  9;) 

10000 

The  substance  combined  with  0!cide  of  lead  eontamed,  in  100  parti, 

C    42-11 

H    5-51 

N    2-66 

O    49-72 

100  00 

It  will  be  seen  that  this  analysis  yielded  numbers  not  differing  very  widely 
from  those  of  Analysis  II.  Series  D.  The  composition  of  tlie  extractire 
matter  combined  with  oxide  of  lead  corresponds  in  both  cases  with  the  for- 
mula Hjo  NOj,.  A  comparison  of  the  two  analyses  affords  also  a 
further  corroboration  of  what  has  been  stated  above,  riz.  that  in  the  lead 
compounds  containing  chloride  of  lead,  the  latter  replaces  the  same  weight, 
not  an  equivalent  quantity  of  oxide  of  lead.  The  difference  between  the 
amount  of  oxide  of  lead  of  the  one  compound  and  that  of  the  chloride  and 
oxide  taken  together  of  the  other,  is  in  this  case  greater  than  in  those  before 
referred  to. 

The  precipitate  produced  by  ammonia  in  the  liquid  filtered  from  that 
with  basic  acetate  of  lead  still  remained  to  be  examined.  In  consequence* 
however,  of  a  change  of  residence  and  other  unforeseen  ctrcumstances  the 
ittTCStigation  suffered  a  lengthened  interruption  at  this  stnge,  and  was  oulj 
recommenced  ifter  an  interval  of  two  years.  During  this  time  the  prccipt* 
*  tate  was  kept  in  well-stoppered  bottles  covered  with  water,  so  as  to  preserve 
it  moist  and  out  of  immediate  contact  with  the  atmosphere.  It  had  under- 
gone no  perceptible  change.  It  was  therefore  filtered  off  and  treated  with 
dilute  sulphuric  acid.  The  exeess  of  acid  was  removed  by  means  of  car* 
bonate  of  lead,  and  the  filtered  liquid  was  evaporated  at  a  moderate  tempo* 
rature  in  a  hot-air  store  instead  of,  as  hitherto,  by  means  of  a  current  of 
air,  which  I  now  no  longer  had  the  means  of  producing  of  the  requisite 
strength.  The  residue  \e(t  after  evaporation  was  treated  with  cold  water* 
which  left  a  quantity  of  chloride  of  lead  of  a  dirty-yellow  colour  undis- 


^  J  .  ^cl  by  Google 


18G7 . j  Extractive  Matters  qf  Urine.— l^ixrt  I.  117 


solved.  The  liquid  was  filtered,  sulphuretted  hydrogen  was  passed  through 
it,  and  after  heing  filtered  hum  the  precipitated  sulphide  of  lead,  a  boiling 
solution  of  sulphate  of  silver  was  added  to  it  as  long  as  any  precipitate  of 
sulphide  or  chloride  of  silver  was  produced.  Tiic  excess  of  silver  was  re- 
moved from  the  filtered  lujuiJ  hy  sulphurt  ttcd  hydrogen,  and  the  liquid 
having  been  ai^^ain  liiLerLd  was  agitiUcd  uitii  carbonate  of  lead,  which  took 
away  the  sulphuretted  hydrogen  and  the  sulj)huiic  acid  contained  in  it.  It 
was  then  filtered,  stdphurettcd  hydrogen  was  passed  through  il,  auJ  after 
being  filtered  from  the  sulphide  of  lead,  it  was  evaporated  in  the  hot-air 
stoTe  to  a  syrup.  This  syrup  was  then  poured  into  a  flask,  u  little  alcohol 
and  a  large  quantity  of  ether  were  added,  and  the  whole  was  well  shaken. 
After  standing  for  some  time  the  ethereal  liquid  was  puund  ufi*  from  liie 
undissolved  portion  of  the  syrup  (e  i  an  l  ( \  ap  urated.  The  residue  left  after 
eTaporation  was  treated  with  water,  aud  tlie  resulting  sohition  was  filtered 
from  il  little  fatty  matter  which  was  left  undissolved  and  evaporated.  The 
residue  was  poured  into  a  flask  and  treated  with  ether.  After  standing 
sometime  the  liquid  was  poured  off  from  the  undissolved  syruj)-like  matter 
(/)  and  evaporated,  and  the  residue  was  treated  again  with  ether,  which 
left  a  little  more  syrup-like  matter  undissolved.  The  residue  now  left  was 
dissolved  in  alcohol,  and  to  the  solution  acetate  of  lead  and  ammonia  were 
added.  The  precipitate  thereby  produced  was  filtered  off,  washed  with 
alcohol,  and  treated  with  a  little  dilute  acetic  acid,  in  which  it  was  for  the 
most  part  solubk .  Some  brown  flocks  which  were  left  undissolved  were 
filtered  ofl',  an  1  the  Hiuid  was  mixed  with  a  large  quantity  of  alcohol  which 
produced  a  pale  cream-coloured  precipitate.  This  was  filtered  ofi',  washed, 
dried,  and  analyzed,  the  following  results  being  obtained:  — 

V.  r233r»  grm.  gave  0"8460  grm.  carbonic  acid  and  0  237r»  irrm.  water. 

I'oMO  grm.  gave  0*1175  grm.  chloride  of  platinum  and  ammomum. 

O'7a70  grm.  gave  0*6205  grm.  sulphate  of  lead. 

These  numbers  lead  to  the  iuUovviug  composition  * 

C    18-70 

H    213 

N    047 

0    17ai 

PbO    ^0-8^ 

lodoo 

The  composition  of  the  substance  combined  with  oxide  of  lead  agrees 
ioletMj  well  with  the  formoU         N0«o»  which  requires 


Odcnlation*  Bq^rinicnt. 

  516         48-27  ■  4781 

U„    59  5-52  5-44 

N    14  1-30  1-20 

O^*   180  4£-91  45-55 


lOGd         100-00  100-00 
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ThU  formula  represents  a  substance  containiag  seTeral  atoms  more  water 
than  the  extractive  matter  solable  in  ether,  the  compoaitioii  of  which  was 
arrived  at  by  Analysis  III.  Series  A.  The  tendency  to  absorption  of  water 
by  this  body  was  already  indicated  by  Analysis  I.  of  the  present  series.  Here 
it  has  taken  place  to  a  still  greater  extent,  and  has  probably  attained  the 
extreme  possible  limit.  The  absorption  of  water  in  this  instance  I  was  at 
the  time  inclined  to  attribute  to  the  evaporation  of  the  solutions  containing 
the  extractive  matters  having  been  conducted  at  a  higher  temperature  than 
before.  I  now  think  it  more  probable  that  it  was  doe  to  the  length  of  time 
dnring  which  the  lead  precipitate  with  ammonia  was  kept  in  contact  with 
water* 

The  symp*like  matter  insoluble  in  alcohol  and  ether  (e)  and  that  inso- 
luble in  ether  alone  (/ )  wei-e  mixed  together  and  treated  with  alcohol. 
After  standing  for  some  time  the  liquid  was  poured  off  from  someglntinoan 
substance  which  was  left  undissolved,  and  evaporated.  The  residue 
left  on  evaporation  was  treated  with  warm  absolute  alcohol,  which  dissolved 
the  greatest  part  of  it.  To  the  solution  there  was  added  a  little  acetate  of 
lead,  and  after  being  filtered  from  the  predpitate  it  gave,  with  an  excess  of 
alcohdlic  lead  solution,  an  abundant  precipitate,  which  after  being  treated 
in  the  usual  manner  was  analyzed. 

YI.  0*8800  grm.  of  this  precipitate  gave  0*7235  grm.  carbonic  add  and 
0-2335  grm.  water, 

1*4885  grm.  gave  0*3300  grm.  chloride  of  platinum  and  ammomum. 

0*2160  grm.  gave  0*1415  grm.  sulphate  of  lead. 

In  100  parts  it  contained  therefore 

C    22-42 

H    2-y4 

N    1-39 

O    25-05 

PbO   J8  20 

100  00 

The  substance  combined  with  oxide  of  lead  contained,  in  100  parts, 

C    . . . :   43-28 

H    5-09 

N   2-G8 

O   :  48-35 

100-00 

The  glutinous  substance  (^)  left  undtssolved  by  alcohol  was  treated  with 
water,  and  the  resulting  dark-brown  solution  was  filtered  irom  some  nndis* 
solved  gelatinous  matter  and  agitated  with  oxide  of  mcrcuiy,  which  took 
up  a  great  deal  of  the  colour,  leaving  the  solution  of  a  pale  yellow  tint. 
After  filtration  sulphuretted  hydrogen  was  passed  through  it  in  order  to 
predpitate  the  mercury  in  solution,  and  after  bei  n^;  again  filtered  it  wasera- 
porated,  when  it  left  a  pale  yellow  amorphous  residue.   This  was  treated 
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with  ilooliol,  and  the  portion  left  undbsolved  by  the  alcohol  was  dissolved 
in  water.  To  the  watery  aolation  acetate  of  lead  was  added,  and  the  filtered 
liquid  was  moed  wHh  a  large  quantity  of  aloobolt  which  produced  a  pale 
cream-ooloiired  piedpitate.  This  was  filtered  off  and  prcpoed  in  the  usual 
maimer  for  analysis. 

YIL  1 *0625  grm,  of  this  piecipitate  gave 07060  grm.  oarhonio  add  and 
0*2400  grm.  water. 

2*0080  grms.  gaye  0*250rj  grm.  chloride  of  platinum  and  ammoninm. 

0*8545  grm.  gaTC  0*6210  grm.  sulphate  of  lead. 

In  100  parts  it  contained  thevefon 

C    1812 

H    2-50 

N    078 

O    2513 

PbO    53*47 

100-00 

The  sub:itaucc  combmcd  with  oxide  of  lead  contained,  in  100  yasts, 

C    38-94 

H    5-40 

N    1;08 

O    53-98 

loOMOO 

These  numbers  seem  to  point  to  the  .condnsipn  that  the  eztraetive  mat- 
ter insoluble  in  alcohol  had  also  absorbed  a  cousiderable.iinantity  of  water, 
in  consequence  of  the  long-continued  contact  of  the  mixed  lead  compounds 
with  water.  As  there  seemed,  however,  some  reason  to  suspect  the  pre- 
sence of  glucose  in  the  compound  of  this  analysis,  I  thought  it  hardly  worth 
while  to  devise  any  formola  to  represent  its  composition. 

4 

G(18G2). 

The  next  series  of  experiments  wr.s  mn  le  with  urine  obtained  from  the 
surgical  wards  of  the  Manchester  Inhrmary.  liy  employing:  materia!  de- 
rived from  an  entirely  ditfcrent  source,  I  hoped  to  oljtain  further  conrunia- 
tion  of  tlie  results  previously  arrived  at.  I  rt  tVaiiud,  however,  froiu  uvini:; 
nnv  truly  morbid  urine  for  fear  of  introdncuiL'-  an  Lkment  ot  uncertainty 
into  tlie  experiments.  The  urine  supphed  to  me,  tlirougli  the  kindness  of 
tlie  medical  officers  of  the  Inatitutioii,  did  not  diflier  perceptiblv  from  (hat 
of  healthy  indiTidiiols,  the  appearance,  colour,  aud  reaction  being  quite 
normal. 

The  urine  was  first  mixed  with  a  solution  of  acetate  of  lead,  and  the  pre- 
cipitate thereby  produced  Mas  separated  and  treated  in  the  manner  before 
described,  for  the  purpose  of  getting  rid  of  the  phosjihoric  and  uric  nciti 
contained  in  it  ;.and  by  means  of  acetate  of  lead  and  anunonia  a  prcci|)ita(e 
was  then  obtained  containing,  bei>ides  chloride  of  lead,  only  compounds  of 
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the  extnetiTe  matters.  This  was  tben  added  to  the  lead  precipitate  pro- 
duced by  ammonia  in  tbe  urine  after  being  filtered  from  tbe  precipitate  with 
acetate  of  lead.  The  mixture  contained,  therefore,  the  extractive  matters 
of  the  three  lead  precipitates,  which  had  before  been  separatelj  examined. 
It  was  treated  in  the  manner  described  near  the  conclusion  of  the  preceding 
section,  that  is  to  say,  it  was  acted  on  by  dilute  sulphuric  add ;  the  hydro- 
chloric acid  set  at  liberty  was  remoTed  by  means  of  sulphate  of  silver,  the 
excess  of  silver  was  precipitated  as  sulphide,  the  sulphuric  acid  was  got  rid 
of  with  carbonate  of  lead,  and  the  lead  in  solution  having  been  precipitated 
with  sulphuretted  hydrogen,  tbe  liquid  was  evaporated,  leaving  a  residue 
containing  the  extractive  matters,  which  were  separated  from  one  another 
by  means  of  alcohol  and  ether.  In  this  way  I  obtained  a  substance  soluble 
in  alcohol  and  ether  (a),  a  second  soluble  in  alcohol  but  insoluble  in  ether 
(ft),  and  a  third  insoluble  in  alcohol  and  ether  {e).  From  the  first  a  lead 
compound  was  prepared  in  the  usual  manner,  the  analysis  of  which  led  to 
the  following  results : — 

I.  0*9530  grm.  gave  0*6693  grm.  carbonic  add  and  0*1665  gnn.  water. 
1*3260  grm.  gave  0*0995  grm.  chloride  of  platinum  and  ammonium. 
0*5250  grm.  gave  0*4500  grm.  sulphate  of  lead. 

In  100  parts  it  contained  therefore 

C   19-16 

H   1*94 

N   0-47 

0   15*37 

PbO   6307 

100  00 

Tiie  substance  combiued  with  oxide  of  lead  contained,  in  100  parts^ 

C   51-88 

H   5-2r» 

N   1-27 

O   j[I  CO 

100  00 

It  will  be  seen  that  the  composition  of  tbe  extractive  matter  of  this  com- 
pound may  be  expressed  by  the  formula  C,,  H^,  NO,,,  the  same  to  whi^ 
Analysis  III.  Series  A  led. 

The  substance  5  was  treated  in  tiie  odd  with  absolute  alcohol,  which 
left  a  portion  of  it  undissolved.  The  solution  was  evaporated,  and  the  resi- 
due was  treated  as  before  with  absolute  alcohol.  The  residue  left  after  the 
second  evaporation  was  dissolved  in  water.  Acetate  of  lead  was  added  to 
the  solution,  and  the  filtered  liquid  was  mixed  with  alcohol,  which  pro- 
duced a  precipitate.  This  was  treated  as  usual  and  then  analysed. 

II.  1*0980  grm.  gave  0*7935  grm.  carbonic  acid  and  0*2410  grm.  wiiter. 
1*6135  grm.  gave  0*2740  grm.  chloride  of  phtinum  and  ammonium. 
0*4765  grm.  gave  0*3550  grm.  sulphate  of  lead. 
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Thm  nnmlicn  lead  to  the  foUowing  compontion : — 


C    19-70 

H   2-43 

N   106 

O   22  00 

Pi>0   54-81 


100-00 


Tiu'  composition  ot  the  substauce  combined  with  oxide  of  lead  agrees 
rery  well  with  the  formula     H,,  NO,,,  which  requires 


Ciloulation.  E^perimmt. 


•C,,    228  43-42  43  .i9 

ll„    27  5- 1 2  5-37 

N   14  2-6C  2-34 

0„    256  48-80  48-70 


52j      lOO'OO  100-00 


Several  of  the  preceding  analyses  gave  a  composition  corresponding  more 
or  less  closely  with  the  same  formula,  as  I  shall  show  whea  I  come  to  give 
ft  summary  of  the  whole  of  the  results  obtained. 

The  substance  c,  which  was  insoluble  in  alcohol,  was  treated  with  cold 
water.  The  resulting  solution  was  filtered  from  some  gelatinous  matter 
(consistuig  of  silica),  which  was  left  undissoWed«  and  then  agitated  with 
oxide  of  mercurr.  After  filtration,  sulphuretted  hydrogen  was  passed 
through  it  in  order  to  precipitate  the  mercury  in  solution,  and  afber  being 
filtered  it  was  evaporated*  The  glutinous  residue  left  on  evaporation  was 
dissolved  in  a  veij  small  quantity  of  water,  and  the  solution  was  mixed 
with  a  large  quantity  of  alcohol,  which  precipitated  a  substance  of  a  gluti- 
nona  nature.  After  standing  for  some  time  the  liquid  was  poured  off*  and 
the  precipitated  matter  was  washed  with  alcohol  and  then  dissolved  in  a 
Hule  water.  To  the  solution  there  was  added  acetate  of  lead,  which  pro- 
dnced  a  dirty -yellow  precipitate ;  and  the  addition  of  a  considerable  quan- 
tity of  alcohol  to  the  filtered  liquid  gave  rise  to  a  second  precipitate,  which 
ms  filtered  off,  washed,  dried,  and  analysed  as  usual. 

III.  1*1780  grm.  of  this  precipitate  gave  0-8090  grm.  carbonic  acid 
and  0'2660  grm«  water. 

2*0705  grms.  gave  0'358:i  grm*  chloride  of  platinum  and  ammonium, 

0*7485  grm.  gave  0*5595  grm.  sulphate  of  lead. 

lo  100  parts  it  contained  therefore 


C 
H 
N 
O 


1872 
2-50 
1*08 
22*70 
6500 
100*00 
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The  substmioe  oomliined  with  oxide  of  lead  contaiiied>  ia  100  piiti» 

C   41-60 

H   6-65 

N   2-40 

0    5045 

100  00 

Two  of  the  preceding  determinations,  aiz.  Analysis  II.  Series  D  and 
Analysis  IV.  Series  F,  led  to  nearly  the  same  results,  the  composition  of 
the  substance  contained  in  the  lead  compound  correspouding  in  all  three 
cases  with  the  formula  C,^  H.„  NO^,. 

Being  curious  to  ascertain  what  had  been  taken  up  by  the  oxide  of  mer- 
cury which  was  emj)loyc(l  in  the  purification  of  the  substance  used  in  the 
preparation  of  the  last  lead  compound,  it  was,  after  being  washed,  sus- 
pended in  water  and  decomposed  by  a  current  of  sulphuretted  hydrogen. 
The  filtered  liquid  was  evajiorated  to  a  syrup.  This  syrup,  which  was 
very  brown,  was  dissolved  again  in  a  very  little  water,  and  the  solution  was 
mixed  with  a  large  quantity  of  alcohol,  which  produced  a  glutinous  deposit. 
The  latter,  after  the  liquid  had  been  poured  off,  was  dissolved  in  a  little 
water,  and  to  the  solution  there  was  added  acetate  of  lead,  which  gave  a 
dirty-yellow  precipitate.  The  filtered  liquid  was  mixed  with  a  large 
quantity  of  alcohol,  aud  the  resulliug  precipitate  was  filtered  oil',  washed, 
dried,  and  analyzed. 

07170  grill,  of  thii  precipitate  gave  0'»>3Gu  ^rui.  carboaiu  acid  and 
O*1650grra.  water. 

r 01)15  grm.  gave  0*G21()  grm.  chloride  of  platinum  uud  uiumoiiium. 

0*3615  grm.  gave  0"2;)9r>  grm.  sulphate  oi  Icud. 

In  100  parts  it  contained  therefore 

0   20-40 

II   2aj 

N   3-59 

0   20-65 

PbO  

10000 

The  substance  combined  with  oxide  of  lead  contained,  in  100  partit, 

C   43-24 

H   5-41 

N   7-60 

0   4375 

100*00 

From  the  uniunialljr  large  amount  of  nitrogen  yielded  hj  tliia  analysis, 
it  must  be  concluded  that  the  oxide  of  mercoiy  took  up  some  substimoe 
differing  m  composition  from  the  extractive  matters,  probabty  a  product 
of  decomposition  of  the  latter. 

This  series  of  experiments  confirms  in  a  lemarkable  manner  the  molts 
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previously  obtained,  and  servos  to  sliow  that  the  composition  of  the 
extractive  matters  do^  not  vary  wuh  the  source  whence  they  are  derived* 

H  (1863). 

In  Older  to  doubt  that  migbi  itOl  hm  lemuned  id  npoA 

to  the  composition  of  the  nrinaiy  extnctive  matters,  I  made  anothcf  series 
of  experiments,  employing  for  this  parpose  ordinary  healthy  urine.  The 
urine  was  mixed  as  usual  with  acetate  of  lead,  and  then  with  basic  acetate, 
but  the  predpitate  with  the  latter  was  alone  made  use  of.*  This,  after 
being  \7ashed  with  water,  was  treated  in  the  manner  before  d^cribed,  and 
yielded  as  usual  a  substance  soluble  in  ether  (a),  a  second  soluble  in 
alcohol  but  insoluble  in  ether  (b),  a  third  insoluble  in  a  mixture  of  alcohol 
aiul  ether  (c),  and  a  fourth  insoluble  both  in  alcohol  and  in  ether  {(f). 
The  first  of  these  was  treated  with  water,  which  left  a  quantity  of  fatty 
matter  undissolved.  To  the  filtered  liquid  there  was  added  acetate  of  lead ; 
and  having  been  again  filtered,  it  was  mixed  with  a  large  quantity  of 
alcohol,  which  produced  a  precipitate  of  the  usual  appearance.  The 
analysis  of  this  precipitate  yielded  the  following  results : — 

I.  r0945grm.  gave  0'8540grm.  carbonic  add  and  0*21  Ii>  gnn.  water. 
l'r>58r)  grm.  gare  0*1265  gnn.  chloride  of  platinum  and  ammonium. 
0*0600  grm.  gave  0*5255  grm.  sulphate  of  lead. 
In  100  parts  it  contained  therefore 

C   2I-2R 

H   2  14 

N   0-50 

0   17-50 

PbO   58*58 

10000 

The  substance  combined  with  oxide  of  lead  contained,  in  100  parts, 

C    ^1-^7 

H   .V16 

N   1-20 

0   42*27 

100  00 

If  this  composition  be  compared  with  that  yielded  by  Analysis  III.  Series 
A,  it  will  be  seen  that  the  difference  between  them  is  not  greater,  even  as 
regards  the  amount  of  oxide  of  lead,  than  is  usually  found  in  two  analyses 
of  the  same  substance.  This  near  approximationi  n  the  results  of  the  first 
and  the  concluding  series  of  experiments,  as  far  as  regards  one  of  the  ex- 
tractive matters,  is  remarkable. 

The  substances  b  and  r,  though  probably  one  and  the  same,  were 
examined  separately,  in  order  to  remove  all  doubt  as  to  the  identity  of 
their  composition.  The  former  was  treated  with  absolute  alcohol,  in  which 
it  was  entirely  soluble.  To  the  solution  there  wns  added  a  little  acetate  of 
lead,  and  the  dark-brown  predpitate  produced  by  the  latter  having  been 
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filtered  off,  an  excess  of  alcoholic-leftd  solution  gave  an  abundant  precipi* 
tate,  which  was  filtered  off  and  then  treated  with  acetic  acid,  \m  add 
being  taken  than  would  hare  sufficed  to  dissolre  it  entirely.  The  filtered 
liquid  was  mixed  with  a  large  quantity  of  alcohol,  which  gare  a  precipitate 
of  a  pure  cream-colour.  This  was  analyzed  in  the  usual  manner. 

II.  1*1365  grm.  gave  0*9293  grm.  carbonic  acid  and  0*2695  gnn.  wiAcr. 
1*5655  grm.  gave  0*2595  grm.  chloride  of  platinum  and  ammomam* 
0'6855  grm.  gave  0*4585  grm.  sulphate  of  lead. 

In  100  parts  it  contidned  therefore 

C   22*30 

n   2*63 

N   104 

0   24*82 

PbO   49-21 

lOllOO 

The  substauce  combiued  mih  oxide  of  lead  coutaincc],  in  lOU  parts, 

C   43-90 

H   515 

N   204 

0   48-91 

luo-uo 

The  substance  c  was  treated  with  alcohol.  The  liquid  was  poured  off 
from  the  portion  left  undissolved  and  evaporated.  The  residue  was  dis- 
poh  rd  in  n  little  alcohol^  and  the  solution  was  mixed  with  a  large  quantity 
of  ether,  wliieh  precipitated  a  syrupy  mass.  After  the  latter  had  settled, 
the  liquid  was  poured  off,  and  the  syrup  was  dissolved  in  water.  Acetate 
of  lead  was  added  to  the  solution,  and  the  filtered  liquid  was  mixed  with  a 
(quantity  of  alcohol.  The  precipitate  thereby  produced  was  filtered  off* 
washed,  dried,  and  analyzed,  the  results  being  as  follows 

III.  I'1475grm.  gave  0-8800  grm.  carbonic  acid  and  0-2t)  10  grm.  water. 
1*5390  grm.  gave  0*2995  grm.  chloride  of  platinum  and  ammonium. 
0*7300  grm.  gave  0  5 135  grm.  sulphate  of  lead. 

In  100  parts  it  contained  therefore 

.  C   20-91 

H    2*52 

N    1*22 

0   23-60 

PbO    51*75 

100*00 

The  substance  combined  with  oxide  of  lead  contained,  m  100  parts^ 

C   43*33 

H    5*22 

N    2-52 

0   48*93 

100*00 
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Hence  it  foUom  that  the  snbetaocee  h  and  c  hare  the  tame  composi* 
tion»  a  compoaition  corresponding  with  the  fornraht  H,^  NO,,,  the  same 
to  whieb  Analysia  II.  of  the  preceding  series  conducted. 

The  sabttance  d  was  treated  with  cold  water.  The  resnldng  dark' 
hrown  iblation  was  filtered  from  some  geUtinous  matter,  which  remained 
imdissolTed  and  was  found  to  consist  chiefly  of  silica^  and  then  mixed  with  an 
excess  of  acetate  of  lead.  This  produced  a  dark-brown  precipitate,  which 
was  filtered  off.  A  little  ammonia  and  a  Isrge  quantity  of  alcohol  were  then 
added  to  the  liquid*  and  the  bulky  cream-coloured  precipitate  produced 
was  filtered  off,  washed  with  alcohol,  suspended  in  water,  and  decomposed 
with  sulphuretted  hydrogen.  The  filtered  liquid  was  evaporated,  and  the 
brown  ^ntinous  residue  which  was  left  was  dissolved  in  water.  The  addi- 
tion of  aeetate  of  lead  to  the  solution  produced  a  brown  predpitate.  The 
filtered  liquid  gave,  on  being  mixed  with  alcohol,  a  cream-coloured  preci- 
pitate, which  wss  filtered  off,  washed,  dried,  niul  nnnh  zed  as  usual. 

IV.  I '  1 760  grm.  gave  0*9445  grm.  carbonic  acid  and  0*3 1 65  grm.  water* 

1*6280  grm.  gave  0*3300  grm.  chloride  of  platinum  and  ammonium. 

0*6715  grm.  gave  0*4330  grm.  sulphate  of  lead. 

In  100  parts  it  contained  therefore 

C   21-90 

H    2-99 

N    204 

O  ♦.   25-63 

PbO   47-44 

10000 

The  substance  combined  with  oxide  of  lead  contained,  in  100  parts, 

C   41-66 

H   5-68 

N   *  3-88 

0   47*78 

100-00 

The  unusually  large  nmount  of  nitrogen  yielded  by  this  analysis  was 
jiroLnbly  due  to  an  admixture  of  the  impurity  which  in  the  former  experi- 
ments was  removed  by  means  of  oxide  of  uurcury,  aud  which  contnins,  as 
I  have  shown,  more  than  seven  per  cent,  of  that  elotnrnt.  Ilad  I  cniplt  yed 
the  same  method  of  purification  as  before,  the  composition  would  probably 
have  corresponded  more  clost  ly  with  that  to  which  Analysis  III.  of  the 
preceding  series  and  several  previous  determinations  led,  and  which  may 
be  represented  by  the  formula  C,^  II NO,,. 

The  nunurirnl  results  (ilil  ancd  by  these  determinations  are,  I  think', 
!?«)fficiently  numerous  and  n  ncuriiaiit  to  allow  of  definite  conclusions  being 
drawn  regarding  the  compoMtion  of  the  urinary  extractive  oiattcrs. 
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11.  *'0n  the  Golonring  and  Extractive  i\I  alters  of  Urine." — ParilL 
By  EowABD  ScHVNCK,  F.B.S.   Received  June  20,  1866^ 

m 

Before  entering  on  a  consideration  of  the  analytical  details  oontaincd  in 
the  first  part  of  this  memoir,  it  will  be  ueccssary  to  deternnue  the  exact 
number  of  urinary  extractive  matters,  the  existence  of  which  I  am  justified 
in  assuming  after  liaving  brought  the  examination  of  their  composition  to 
a  close.    Bcrzclius,  as  I  have  before  stated,  inferred  from  his  experinieuls 
that  human  urine  contained  tliree  di.stinct  extractive  matters,  one  soluble 
in  absolute  alcohol,  anotlicr  soluble  only  in  alcohol  of  sp.  gr.  0  833,  and  a 
third  insoluble  in  alcohol  of  all  strengths,  and  only  soluble  in  water.  A 
similar  conclusion  would  probably  be  arrived  at  by  any  one  perusing  the 
account  which  I  have  given  of  my  own  experiments  without  at  the  saaie 
time  possessing  any  information  regarding  the  chemical  nature  of  the  com- 
pounds analyzed.    Nevertheless  this  conclusion  would  be  incorrect,  since 
a  few  simple  experiments  sutiice  to  prove  that  the  extractive  matter  iuso- 
lubb'  ill  alcohol  is  not  a  distinct  substance,  but  invariably  contains  a  quan- 
tity ot  alkaline  or  earthy  bases,  on  the  removal  of  which  the  organic  matter 
with  which  they  were  combined  beconu's  soluble  in  alcoliol,  and  that  the 
extractive  matters  peculiar  to  urine  are  only  two  in  number,  the  tirst 
being  soluble  in  ether  and  alcohol,  the  second  soluble  in  alcohol  only. 
Tliis  Inference  is  quite  consistent  with  the  results  derived  from  the  analyses 
of  the  lead  compounds  obtained  on  various  occasions  from  the  extractive 
matter  insoluble  in  alcohol,  the  details  of  which  ha?e  been  given  in  the 
part  of  this  memoir. 

A.  specimen  of  the  extractive  matter  insoluble  in  alcohol  was  prepared 
in  the  iollowing  manner  : — Ordinary  urine  was  mixed  with  acetate  of  lead, 
and  the  precipitate  thereby  produced  having  been  separated,  basic  acetate 
of  lead  was  added  to  the  li(}uid,  and  the  second  lead  precipitate  was  filtered 
off,  washed,  and  treated  with  dilute  sulphuric  acid.    The  excess  of  the 
latter  was  removed  by  means  of  earboiiate  of  lead,  and  the  filtered  liquid 
was  evaporated  to  a  pvrnp,  which  was  treated  with  alcohnl.     The  latter 
left  a  portion  of  the  syrup  undissolved  ;  and  this  j)ortion,  after  being  washed 
with  alcohol,  was  again  dissolved  in  water  ami  sttlphnretted  hydrogen  was 
passed  through  the  solution,  which,  after  being  llltercil  from  the  precipitated 
sulphide  of  lenil,       treated  with  peroxide  of  mercury  and  metallic  mercury, 
for  the  purpose  of  removing  the  hydrochloric  acid  contained  in  it.  After 
standing  some  time  and  being  frequently  agitated  the  liquid  was  filtered, 
and  sulphuretted  hydrogen  was  passed  through  it  in  order  to  precipitate 
the  mercury  in  solution,  and  after  being  again  filtered  it  was  evaporated. 
The  residue  left  on  evaporation  was  dissolved  in  a  little  water,  and  the  solu- 
tion was  mixed  with  alcohol  as  long  as  any  precipitate  was  produced ;  the 
precipitate  collected  at  the  bottom  of  the  vessel  fonning  a  brown  glutinoos 
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deposit,  which,  after  pouring  off  the  rapematant  liquid,  ms  diMolved  in 
water.  The  folatkm  en  beihg  evaporated  over  aulphiirie  acid  left  a  reaiduet 
eottBiflting  of  what  woold  be  eaUed  the  urinary  extractive  matter  hnoluhle 
m  akohoi.  It  had  the  appearanee  of  a  dark  brown,  amorphona,  brittle^ 
gom-like  inaai»  opaque  in  tlUek  layers,  but  tranaluoeat  at  the  edges*  It  had 
a  slightly  add  and  nauseous  taate.  It  was  easily  reduced  by  ponndug  to 
a  light  brown  powder,  and  when  exposed  to  the  air  it  did  not  appear  to 
deliquesce ;  but  on  being  afterwards  heated  in  the  watefobaih  it  swidled  up 
eonsiderably  and  became  filled  with  small  cavities  or  vesicle^  caused 
doubtless  by  the  escape  of  the  water  which  it  had  absorbed  from  the 
atmosphere.  Its  watery  solution,  which  was  of  a  dark  yellowish-brown 
eohmr,  had  an  aeid  reaction.  Ita  external  properties  did  not  differ  mate- 
rially from  those  ascribed  to  this  substance  by  Beraeliui,  who  sayi^  "  It  has 
a  yellowish-brown  colour,  is  opaque  in  the  mass ;  it  has  a  alightly  bitter  taatc^ 
remains  dry  in  the  air,  and  dissolves  in  vrater  with  a  dark  yellow  colour." 

Now  the  substance  aa  thus  prepared  was  found  to  contain  a  considerable 
quantity  of  bases,  by  combination  with  which  the  organic  constituttttswm 
rendered  insoluble  in  alcohol.  On  being  heated  on  pktbum  foilitswdled 
up  oonsiderably,  and  gave  off  gaseous  products  having  a  smell  like  that  of 
buming  bread,  leaving  at  last  a  porous  charcoal,  which  was  with  great  diffi- 
culty reduced  to  ash.  The  ash  was  greyisli-brown  and  alkaline,  but  for 
the  most  part  insoluble  in  water;  it  consbtcd  of  oxide  of  iron,  alumina, 
carbonate  of  lime,  magnesia,  carbonate  of  soda,  and  a  trace  of  potash*  A 
quantitative  determination  of  the  ash  yielded  the  following  results  : — 

0  7()ri5  grm.  of  the  sub^tance  heated  for  some  time  in  the  water-bath  gave 
0*1025  grm.  ash  =13-37  per  cent. 

The  finely  powdered  substance  communicate  no  colour  whatever  to  abso- 
lute alcohol  i  but  on  adding  a  few  drops  of  concentrated  sulphuric  acid  and 
allowing  to  stand  for  some  time,  the  liquid  acquired  a  deep  yellow  colour, 
exactly  like  that  of  solutions  of  the  extractive  matter  soluble  in  alcohol, 
llie  matter  left  undissolved  by  the  acid  mixture  was,  afler  pouring  off  the 
Liquid  and  washing  with  alcohol,  treated  with  water,  in  which  the  greatest 
part  dissolved,  but  without  communicating  much  colour  to  the  liquid ;  it 
consisted  of  the  sulphates  of  lime,  magnesia,  and  other  bases.  This  expe- 
riment alone  would  suffice  to  ])rovc  that  the  substance  contained  the  extrac> 
tive  matter  soluble  in  alcohol  in  ronibinntion  with  various  bases.  A  further 
proof  was  afforded  by  anothtr  (  xjxnmuut.  The  watery  solutions  of  the 
miliary  extractive  matters  become  considerably  darker  on  the  additiou 
either  of  strong  mineral  acids,  snch  as  hydrochloric  acui,  or  of  alkalies. 
The  deepening  of  colour  in  the  former  case  is  due  to  decomposition,  m  tlie 
latter  to  mere  combination.  Now  on  taking  five  equal  measures  of  a  watery 
solution  of  the  sui)stance  under  examination,  adding  to  the  first  merely 
water,  to  the  second  ncetic  acid,  to  the  third  dilute  hydroclilotlc  ncid,  to 
the  fourth  water  and  sufficient  caustic  potash  to  made  it  just  alkaline, 
and  to  the  filth  strung  hydrochloric  acid«  taking  care  that  the  bulk  of 
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the  five  liquids  should  be  exactly  the  same,  and  then,  after  pouriog  them 
into  test-tubes  of  the  same  bore,  oomparing  together  the  tints  whidi  thej 
exhibited,  the  following  differences  were  observed: — ^The  second  was  a 
little  lighter  than  the  first ;  the  third,  howeTer,  was  much  lighter ;  whilst 
the  fourth  was  as  dark  a^  but  not  darker  than  the  first ;  and  the  fifth  ap* 
peared  hardly  darker  than  the  third ;  but  on  being  boiled  a  few  moments 
and  allowed  to  cool,  its  tint  was  as  dark  as  that  of  the  first.  Hence  it  fol- 
lows that  the  colour  of  the  substance  owed  a  part  of  its  intensity  to  the 
presence  of  an  alkaline  or  other  base ;  for  had  this  not  been  the  case,  had 
the  eztractiTe  matter  been  in  an  nnoombined  state,  the  addition  of  dilute 
add  would  have  caused  a  deepening  of  the  tint,  or  at  least  have  left  it  uu- 
changed  instead  of  making  it  lighter,  whereas  the  alkali  would  have  pro- 
duced a  darkening  of  the  colour.  The  addition  of  a  large  excess  of  acid 
lowered  the  intensity  of  the  colour  in  the  first  instance,  in  consequence  of 
the  acid  combining  with  the  bases ;  but  on  heating  the  solution  it  had  the 
effect  of  deepening  the  colour,  from  the  decomposiog  action  of  the  acid 
on  the  now  free  extractive  matter. 

In  order  to  isolate  the  organic  body,  or  bodies,  contained  in  the  substance, 
some  of  the  latter  was  dissolved  in  water,  and  to  the  aolutiim  basic  acetate 
of  lead  was  added.  This  deprived  the  solution  of  its  colour,  giving  an  abnu- 
dant  cream-coloured  predpitate,  which  was  filtered  off,  washed,  suspended 
in  water,  and  decomposed  with  sulphuretted  hydn^n.  The  filtered  liquid 
was  evaporated  at  a  gentle  heat,  when  it  left  a  brown  glutinous  residue. 
This,  when  burnt,  still  left  a  considerable  quantity  of  ash,  whidi  was  ydlow 
and  non-alkaline,  and  consisted  chiefly  of  alumina  with  a  little  oxide  of 
iron  and  a  trace  of  lime.  'When  treated  with  absolute  alcohol,  a  great  part 
of  this  glutinous  matter  dissolved,  yielding  a  deep  yellow  solution,  while  a 
quantity  of  light-brown  flocks  was  left  undissolve.  The  filtered  liquid 
left  on  evaporation  a  brownish-yellow  deliquescent  substance,  which  had  the 
appearance  and  properties  of  the  extractive  matter  soluble  in  alcohol.  When 
burned,  it  left  only  a  slight  trace  of  ash.  When  treated  with  boiling  canstie 
alkaline  lye  it  evolved  ammonia.  Ifwas  perfecdy  insoluble  in  ether,  and 
was  therefore  free  from  the  extractive  matter  soluble  in  that  menstruum* 
Its  watery  solution,  when  mixed  with  sulphuric  add  and  heated  for  some 
time,  depodted  a  quantity  of  dark  brown  flocks,  which,  after  bdng  filtered 
off,  washed,  and  dried,  had  the  appearance  of  a  dark  brown,  almost  black 
powder  (uromelanine),  which  was  almost  insoluble  in  alcohol,  but  dissolved 
readily  in  aqueous  ammonia,  giving  a  brown  solution,  from  which  it  was  re- 
•precipitated  by  adds  in  brown  flocks.  This  is  the  most  characteristic  pro* 
perty  of  the  extractive  matter  soluble  in  alcohol  and  insoluble  in  ether,  and 
serves  to  distinguish  it  from  the  one  soluble  in  ether,  which  ytdds,  bj 
decomposition  with  strong  adds,  a  brown  resinous  substance,  easily  soluble 
in  alcohol  (uroretine).  That  portion  of  the  substance  derived  from  the 
predpitate  with  banc  acetate  of  lead,  which  was  left  undissolved  by  abso* 
lute  alcohol  in  the  shape  of  light  brown  flocks,  was  easily  soluble  in  water. 
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The  solution  yielded  on  evaporation  a  yellow,  brittle,  transparent,  gum-like 
substance,  which,  when  burnt,  left  a  considerable  quantity  of  reddish- 
yellow  ash.  Hence  it  appears  that  the  precipitate  with  basic  acetate  of 
lead  contained,  besides  oxide  of  lead,  other  bates  in  combination  with  the 
organic  bodies,  a  portion  of  it  consisting  probably  of  double  compounds  of 
ntractive  matter  with  lead,  alutntna,  lime,  ftc.  Similar  compounds,  with- 
out doubt,  were  present  in  the  original  precipitate  thrown  down  from  mine 
by  banc  acetate  of  lead.  By  the  second  precipitation  a  great  portion  of 
the  alkaUne  or  earthy  bases  was  removed,  the  portion  which  remained 
forming,  by  combination  with  a  part  of  the  extractive  matter,  a  compound 
insoluble  in  alcohoL 

The  substance  under  examination  contained,  however,  in  addition  to 
extiaetive  matter,  a  body  having,  like  glucose,  the  property  of  reducing  an 
alkaline  solution  of  copper,  a  property  which  does  not  belong  to  either  of 
the  extractive  matters  in  a  state  of  purity.  On  mixing  the  watery  solution 
with  sulphate  of  copper  and  an  excess  of  caustic  soda,  it  assumed  a  bright 
green  colour,  and  on  beii^  boiled  deponted  an  abundance  of  suboxide  of 
copper.  The  body  producing  this  reaction  cannot  be  separated  £rom  the 
extractive  matter  insoluble  in  ether  by  the  use  of  solvents,  since  they 
behave  in  the  same  manner  towards  ordinary  menstrua,  nor  by  crystallisa* 
tion,  as  both  are,  as  usually  obtained,  amorphous.  Both  substances  are 
also  precipitated  from  the  watery  solution  by  basic  acetate  of  lead,  and 
from  the  alcoholic  solution  by  neutral  acetate.  If,  however,  a  solution  of  the 
two  substances  in  water  contains  also  earthy  and  alkaline  bases,  the  glucose* 
like  body  tends  to  combine  with  these  to  the  exclusion  of  the  extractive 
matter,  and  on  now  evaporating  and  treating  the  residue  with  alcohol^ 
provided  a  sufficient  quantity  of  bases  is  present,  the  alcohol  takes  up  only 
extractive  matter ;  but  if  they  are  deficient,  the  solution  in  alcohol  wiU 
contaua  both.  On  the  other  hand,  the  compounds  of  the  extractive  matter 
with  bases  are  less  soluble  in  alcohol  than  those  of  the  glucose  ;  so  that,  on 
adding  alcohol  to  a  watery  solution  containing  compounds  of  both  bodies, 
the  precipitate  frequently  consists  of  a  compound  of  extractive  matter  only, 
without  glucose*  Witli  a  knowledge  of  these  facts,  it  is  easy  to  explain 
why  in  my  experiments!  obtained  sometimes  pure  extractive  matter, some- 
times glucose  only,  and  occasionally  a  mixture  of  both,  without  any  great 
difference  in  the  physical  properties  of  the  products  being  observed. 
That  the  gliicosc-like  body  so  often  accompanying  the  extractive  matters 
has  a  composition  similar  to  that  of  grnpc-sugar,  and  other  substances  of  the 
5am 0  class,  was  proved  by  the  analysis  of  its  lead  compound,  the  results  of 
which  were  given  in  the  first  part  of  this  memoir, 

A  specimen  of  extrnctive  matter,  insoluble  in  alcohol,  obtained  ]>y  eva- 
porating: n  portion  of  the  liquid  from  which  flio  lond  compound  of  Analysis 
IV.  Series  T,  was  precipitated  with  acetate  ot  lead  and  alcohol,  and  which 
had  been  kept  for  se^  ^  rnl  years  in  my  coilcction  of  jiroducts  from  urine, 
gave  ou  cxamiuatiuu  aimilar  results.    It  was  a  dark  brown,  shiinug. 
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amorphooB  snbBtance,  tianspaietit  in  thin  Uyen^  brittle  wben  quite  diy, 
bat  becoming  loft  and  liscid  on  exposure  to  the  air.  Ita  taste  was  add, 
followed  by  a  bitter  after-taste.  When  heated  it  swelled  npj  gare  off  moeh 
gas,  and  left  a  bulky  charcoal,  which  was  easily  reduced  to  a  white  ash.  A 
determination  of  the  quantity  of  ash  yielded  the  following  lesolts » 

0*5005  grm.  dried  in  the  water-bath  left  0*0120  grm.  ashaB2*39  per 
cent* 

The  ash  was  non-alkaline,  entirely  insoluble  in  water,  but  soluble  in 
hydrodiloric  actd,  and  consisted  of  alumma  with  traces  of  oxide  of  iron  and 
lime.  The  substance  was  completely  insoluble  m  boiling  absohite  alcohol  $ 
but  on  adding  a  little  concentrated  sulphuric  acid,  the  liquid  acquired  a 
deep  yellow  colour,  and  nearly  the  whole  of  the  substance  dissohed  gradu- 
ally, tiiough  not  so  easily  as  in  the  preceding  case.  The  alcoholic  solution, 
on  being  mixed  with  several  times  its  volume  of  ether,  separated  into  two 
layers^  the  lower  one  bemg  of  a  deep  yellow  colour,  and  containing  appa- 
rently the  whole  of  the  extractive  matter,  while  the  supernatant  ethereal 
liquid  was  almost  colourless.  The  watery  solution,  when  tried  in  the  nsnal 
manner,  was  found  to  contain  no  trace  of  glucose.  In  this  case,  therefore, 
the  substance  consisted  of  extractive  matter  only,  in  combination  with 
alumina.  A  veiy  small  amount  of  the  latter  is  sufficient,  as  it  appears^  to 
produce  with  the  extractive  matter  a  compound  insoluble  in  alcohoL 

Some  of  the  cream-coloured  lead  compound,  whidi  had  served  for 
Analysis  III.  Series  G,  and  which  had  been  prepared  from  a  snbstauoe 
insoluble  in  alcohol,  was  treated  with  a  mixture  of  alcohol  and  sulphuric 
acid.  The  liquid,  on  being  left  to  stand  in  contact  with  the  compound, 
gradually  acquired  a  bright  yellow  colonr  like  that  of  a  solution  of  ex- 
tractive matter,  while  the  resulting  sulphate  of  lead  appeared  slmost  white. 

These  experiments  lead  to  the  conclusion  that  there  exists  no  urinary 
extractive  matter  insoluble  in'  alcohol,  and  that  what  has  hitherto  been 
so  called  consists  generally  of  a  compound  of  the  extractive  matter  soluble 
in  alcohol,  with  some  base  or  with  several  bases  mixed  occasionally  with 
similar  compounds  of  the  glucose,  which  so  often  accompanies  this  extractive 
matter,  and  is  probably  one  of  its  products  of  decomposition,  llioiigh 
the  extractive  matter  soluble  in  ether  forms,  with  bases,  compounds  in* 
soluble  in  alcohol,  I  have  never  found  this  substance  to  be  a  constitnent  of 
the  product  insoluble  in  alcohol  when  prepared  in  the  manner  above 
described. 

I  shall  now  proceed  to  give  my  views  of  the  composition  of  the  nncom- 
bined  urinary  extractive  matters,  as  deduced  from  the  analytical  determt- 
nations  contained  in  the  first  part  of  this  paper. 

For  the  extractive  matter  soluble  in  alcohol  and  ether  when  in  ita 
highest  state  of  purity  X  have  adopted  the  formula  C,,  U;,  NO^,.  The 
Analyses  III.  Series  A,  I.  Series  F,  I.  Series  Q,  and  I.  Series  H  gave 
numbers  agreeing  tolerably  well  with  this  formula,  as  the  following 
Table,  in  which  the  results  are  placed  together  for  the  sake  of  a  more 
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tMf  comparim  with  cue  aaotliav  and  the  flieoretiad  oompoeitkHi,  will 

A.in.       F.L        a.  I.  H.I. 

Calculation.  2.  1.  1, 2,  3.  2.  Mean. 

C.,  ..  516       5175  51*04  50  C5  51*88  51*37  51-23 

51        5-11  5*43  5*C7  5-25  5  IC 

N        14        1-40  1*34  1*22  1*27  1*20  1*26 

^ifll^       41-74  42-19  42-46  41*60  •12-27  42*13 

997  100*00  100*00  100*00  100*00  100-00  100  00 
I  do  not  insist  very  strongly  on  the  concctiicss  of  this  foriiiula  ,  -iiice, 
for  a  body  the  atomic  weight  of  which  is  so  high,  and  was  dcteiinintd 
solely  by  the  amount  of  nitrogen  contained  in  it,  other  formukc  uiiglit  be 
cftlcolated  agreemg  equally  well  with  the  results  of  analysis.  I  have 
adopted  this  one  in  pveferenee,  because  a  simple  relation  is  thereby  esta- 
blished between  the  composition  of  this  extractive  matter  and  that  of  the 
other,  at  I  shall  presently  diow.  It  will,  however,  hardly  be  doubted 
that  the  eompontion  of  this  substance  ist  under  all  circumstances,  the 
same,  seeing  that  the  material  employed  for  its  preparation  in  these  expe* 
riments  was  derived  from  various  sources,  at  wide  intervals  of  time,  and 
that  it  was  obtained  on  one  occasion  from  the  precipitate  with  neutral 
acetate  of  lead,  on  other  occasions  from  that  with  banc  acetate  of  lead,  or 
from  all  the  three  lead  precipitates  combined. 

The  second  analysis  corresponds  more  closely  with  the  formula  C„«  N  O^^ 
than  with  the  one  just  given,  as  I  have  before  remarked.  This  proves 
that  the  substance  has  a  tenden<7  to  take  up  the  elements  of  water,  a  ten« 
den^  still  further  developed  in  the  case  of  the  specimen  employed  for  the 
Analysis  V.  Series  F,  which  led  to  the  formula     H,,  NO^. 

In  order  to  avoid  circumlocution  I  shall  for  the  Aituro  call  this  substance 
wim. 

The  extractive  matter  soluble  in  alcohol  but  insoluble  In  ether  was  in 
my  opinion  obtained  only  on  one  occasion  free  from  all  admixture^  and  in 
the  state  in  which  I  suppose  it  to  exist  orig;ioally  in  the  urine*  On  thia 
occasion  its  composition  corresponded  with  the  formula  0^  H„  NO^,  as 
proved  by  the  results  of  Analysu  III.  Series  F,  which  were  as  follows 

^ ,  ,  .  F.m, 

Calculiitiuiu  o 

C,^                       228  46*24  4G  44 

U„                       27  5*47  6*66 

N                         14  2*83  3-16 

O,,  _224  45-46  -11  74 

493     100-00 .         100  00 

*  In  thu  and  the  foUowiog  Tablet  the  numerals  1.  2,  and  denote  Umt  tlio  doter' 
minatioa  was  nude  wilh  •ubslaiim  obtained  taXtm  froai  the  ptwipiute  produeed  in 
urino  withaeutral  acetate  of  lead  (1),  or  from  that  with  hataio  acetate  of  lead  in  tlie 

Itqutd  filtered  from  the  first  precipitate  (2),  or  from  the  prccipitata  with  amnion  in  in  the 
filtrate  from  the  other  two  precipitates  (3).    'NVhoTi  the  ♦lirrr  numemls  occtir  togrthcr, 

it  indkatee  that  all  three  preoipitatee  were  employed  in  the  manner  dwcribed  in  l^tail. 
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In  my  earlier  experiments,  before  I  had  commenced  to  employ  ether 
without  alcohol  for  the  separation  of  the  two  extractive  matters,  I  occasion- 
ally  obtained  mixtures  of  equal  quantities  of  the  two  bodies,  as  proved  by 
several  analyses  of  lead  conipounds,  the  results  of  which  have  been  giren* 
For  instance.  Analyses  I.  Series  A,  and  I.  Series  D,  conducted  to  the  for- 
mula  C^^  Il^n  NO^.  By  doubling  tbis  formula,  its  relation  to  the  two  other 
formulae  will  be  seen  at  once,  since 

2(C,,  H3,  NOJ=C;,  II,,  NO,,4-C„  N0«. 

The  Analysis  I.  Series  B,  which  was  n^adc  with  a  similar  mixture,  led  to 
the  lorniula  Cg,  H3f;  NO,,,  >vhich  only  difft-rs  from  the  preceding  by  three 
equivalents  of  water,  from  which  it  is  to  be  inferred  that  in  this  case  also 
both  extractive  matters  were  present,  and  that  neither  preponderated  over 
the  other.  Tiiese  analyses,  therefore,  though  valueless  iu  themselves, 
serve  to  confirm  the  two  formulae  given  for  the  extractive  matters. 

The  extractive  matter  soluble  iu  uleohol  but  iiiaoluble  in  ether  I  pro- 
pose to  name  vriauine.  The  relation  iu  which  it  may  possibly  stand  to 
uriau  is  sliown  by  the  equatiuii 

C«  H„  N0,,+ 24  HO-C,.      N0„+4  (C„  H,.  O  J, 

which  proves  that  nrian  after  absorbing  water  may  split  up  into  mnaaine 
and  glucose ;  and  though  this  is  a  process  which  I  have  not  hitherto  actu- 
ally observed,  still  it  is  one  which  may  be  assumed  to  take  place  within  the 
body. 

The  later  analyses  of  the  lead  compounds  of  this  substance  corresponded 
with  the  formula  H,,  NO,,,  as  will  be  seen  from  the  following  Tahk^  in 
which  the  results  are  placed  in  juxtaposition  with  one  another  and  with  the 
theoretical  composition : — 


Odoulation. 

F.  yi. 
a 

G.  II. 
I,  2,  3. 

11.  XL 
2. 

H.  III. 
2. 

ICbui. 

228 

43-42 

43*28 

43*59 

43*90 

43*33 

43*52 

27 

5*12 

5-69 

5*37 

5*15 

5*22 

5-37 

N 

14 

2*6(1 

2*68 

.  2*34 

2*04 

2*52 

2*39 

48-80 

48-35 

48*70 

48-91 

48*93 

48*72 

525 

100*00 

100  00 

100  00 

100  00 

10000 

100  00 

The  difference  in  composition  to  which  the  two  formula  point  is,  in  my 
opinion,  to  be  attributed  not  to  any  errors  of  analysis,  nor  to  any  Tariation 
in  the  quality  of  the  urine  employed  on  different  occasions,  but  rather  to  a 
difference  in  the  mode  of  preparation.  In  the  later  series  of  experiments 
artificial  heat  was  employed  in  the  evaporation  of  the  solutions  instead  of 
the  current  of  cold  air  made  use  of  for  the  same  purpose  at  the  commence* 
roent  of  the  investigation.  I  am  incUited  to  think  that,  in  consequence  of 
the  elevation  of  temperature,  slight  as  it  was,  the  substance  took  up  four 
equivalents  of  oxygen ;  and  though  there  was  no  apparent  difference  in  the 
physical  properties  of  the  original  and  the  oxidised  substance^  still  they  can* 


^  by  Gt 


1867.] 


Extractive  Matters     Urine. — ^Part  II. 


133 


not  be  considered  as  identical.  If  a  distinct  name  is  to  be  bestowed  on  the 
latter,  I  would  suggest  axurianine  as  the  most  appropriate.  T  lie  re  are 
indications  of  the  presence  of  this  substance  in  the  earlier  expeiiments  also. 
For  instance.  Analysis  II.  Series  E  gave  a  composition  not  differing  very 
widel?  from  that  to  which  the  later  determinations  conducted. 

The  An:ily8C3  IX.  Series  A  and  I.  Series  C  gave  numbers  corresponding 
•with  the  loninita  C^.  H.,  NO^^,  which  seems  to  indicate  that  the  substance 
analyzed  was  a  mixture  of  oxurianine  and  glucose,  since 

C«  H„  NO„-C„  H„  N0„+4  (C,.  H„  O,  J. 

This  supposition  was  confirmed  by  an  examination  of  the  lead  compound 
of  the  analyna  last  named,  a  portion  of  which  still  remained.  On  treating 
tome  of  this  compoand,  which  was  of  a  pale  eream-oolour,  with  dilate  aol- 
phttric  acid,  I  obtained  a  yellow  solution  which  was  filtered  from  the  anl- 
phite  of  lead.  A  portion  of  thii  adntion,  on  being  mixed  with  more 
acid  and  heated,  became  darker,  and  deposited  a  quantity  of  brown  flocks, 
which  is  an  indication  of  the  presence  of  urianine  or  of  oxurianine. 
Another  portion  became,  on  the  addition  of  sulphate  of  copper  and  an 
excess  of  caustic  alkali,  of  a  deep  blue  colour,  and  on  being  boiled  de- 
posited an  abundance  of  suboxide  of  copper. 

The  Analysis  IV.  Series  A,  which  led  to  the  formula  C^,  H,.  NO^^,  like- 
wise represents  a  mixture  of  oxuriai)ine  and  glucose,  I  equiTalent  of  each 
having  been  present  in  this  case. 

The  analyses  of  the  lead  compounds  prepared  from  the  so-ealled  ex* 
tractive  matter,  insoluble  in  alcohol,  support  the  view  which  I  take  of  its 
nature,  xit.  that  it  consists  in  most  cases  of  a  compound  of  the  extractive 
matter  soluble  in  alcohol  with  bases,  since  these  analyses  gave  for  the  sub- 
stance, combined  with  oxide  of  lead,  numbers  corresponding  with  the  for- 
mula  Cm  H„  NO^t  as  will  be  seen  on  glandng  over  the  results,  which  are 
here  subjoined : — 

^^^^^'^            2.  2.  1,2,3.        2.  HMD. 

C„,.  228      41*99  4179  42*11  41*60  41*66  41*79 

H...    29       d*34  5*81  5*51  5*55       5*68  5*64 

N       14       2*57  2-57  2*66  2*40       3*88  2*87 

0„..  272       50-10  49-83  49-72  aO- 1.")  48-78  49*70 


The  tendency  to  absorb  water  on  the  part  of  these  substances,  which  I 
bave  pointed  out  in  the  case  of  urian,  shows  itself  here  also.  Seeing  that 
the  body  having  a  composition  corresponding  to  the  formula  C^,  NO,^ 
was  always  obtained  from  compounds  of  extractive  matter  with  bases,  it  is 
probable  that  its  formation  from  the  one  having  the  formula  0^  H,.  NO^, 
is  due  to  the  action  of  bases,  an  action  which  so  often  leads  to  the  ab- 
sorption of  water  by  organic  bodies. 
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In  the  preoeding  temw  WTeral  of  the  determiiiAtions  gncn  in  Pert  1. 

have  not  been  referred  to.    They  are  as  follows  :— 
Series  A,  Analjseg  II.,  V.,  VI.*  VII^  YIII. 
B.    „      I.,  III.,  IV. 
F,  II.,  VII. 

Of  these  A.  II.  and  A.  YI.  gare  numbers  corresponding  Toy  weli  mOi 
the  formnla  C„  B.^^  NO^.,  which  may  be  cousidered  to  represent  a  mixtore 
of  what  may  be  called  the  hydiates  of  niian  and  nrianine»  since 

A  hydrate  having  the  formula  C,,  U^,  NO^  vros  once  isolated,  and  its 
lead  eompoond  was  submitted  to  analysis  (F.  V.)  ;  but  tho  ofiier  was  not 
obtained  in  my  experiments,  though  Analysis  Y.  Series  A  gave  results 
agreeing  with  Uie  formula  C^^  H,^  NO^,  which  represents  a  compound  of 
urianine  and  water.  The  substance'  with  which  Analysis  YII.  Series  A 
was  made  was  probably  a  mixture  of  oxuriaoine  and  (^ucose,  examples  of 
which  occurred  frequently  in  the  course  of  my  experiments,  as  I  have 
before  explained.  The  Anslyses  I.  Series  E  and  11.  Series  F  are  the  only 
determinations  of  importance  which  admit  of  no  explanation,  unless  it  be 
assntned  that  considerable  errors  were  committed  in  making  them. 

I  maintain,  then,  that,  with  the  exceptions  jnst  named,  the  numerical  re- 
sults obtained  in  my  examinatbn  of  the  composition  of  these  bodies  may  be 
explained  by  adopting  the  riews  which  I  have  set  forth,  views  which,  I 
venture  to  say,  have  at  least  the  merit  of  rimplicity  to  recommend  them. 
Whether  they  are  correct  or  not  I  should,  however,  despair  of  arriving  any 
nearer  the  truth  by  still  further  multiplying  experiments  of  the  kind  I  have 
described,  and  I  therefore  have  brought  this  portion  of  the  investigation  to 
a  close. 

The  striking  analogy  subsisting  between  the  extractive  matters  of  urine 
find  the  scries  of  bodies  of  which  indican  forms  the  first  member  is  a  point 
of  some  iutercst,  to  which  I  shall  have  i^in  occasion  to  refer.  The  rela- 
tion in  which  urian  and  urianine  stand  to  one  another  is,  in  my  opinion, 
similar  to  the  one  which  has  been  found  to  exist  between  indican  and  indi- 
cauine.  Then,  again,  both  urianine  and  indicanine  take  up  oxygen,  and 
arc  converted  into  oxurianine  and  oxindicanine,  bodies  wliich,  ni  their 
physical  properties,  resemble  those  from  which  they  are  derived.  It  is 
indeed  not  impossible  that  oxindicanine  may  be  actually  converted  by  a  very 
sini])lc  process  into  oxurianine,  as  will  be  evident  from  the  following 
equation 

Oxiadieaaiae.  Ozariiaiiie. 
C„  H„  N0„+4H0=C,,  H„  N0„+2  CO,. 
Frocesscs  snch  as  the  one  represented  by  this  equation  are  constantly' 
going  on  in  the  body,  and  it  is  therefore  quite  possible  that  the  indican 
originally  existing  in  the  blood  or  tissues  may  be  decomposed,  and  appear 
in  the  urine  as  ordinaiy  extractive  matter.  Indeed  the  same  process  nay 
take  place-  in  the  urine  itself  as  a  lesnlt  of  fcnnentatlon  and  oiidatiotit 
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wludi  nay  serve  to  eiplam  the  fact  of  the  eziitaioe  of  indican  In  urine 
liaTing  80  frequently  been  overlooked. 

From  tbe  experiments  hitlierto  deseribed^  I  am  jnstiiiod,  I  tliinlc^  in 
drawing  the  ibIlowiDg  condnsionfl  $ — 

1.  Hnman  nrine  contains^  under  all  cuomnstanees*  two  distnicC  and 
peeoliar  extraetive  matters,  one  of  which  is  solnble  in  aUsohol  and  ether» 
while  the  other  is  solnble  in  alcohol  hot  insolnble  in  ether. 

2.  The  composition  of  these  bodies  is  almost  always  the  same,  the  slight 
wiations  whidi  are  fonnd  to  occnr  being  doe,  not  to  any  diffsfcnce  in  the 
quality  or  source  of  the  urine  employed  at  Tarious  timesy  but  rather  to  the 
deoompoaition  which  takes  place  during  the  process  of  preparation,  and 
which  cannot  be  entirely  avoided. 

3.  Both  substances  contain  nitrogen  as  an  essential  constituent,  but  In 
so  smaU  a  proportion  as  to  show  that  their  atomic  weight  must  be  very 
high. 

4.  Both  substances  hare  a  tendency  to  take  up  water,  especially  when 
their  aqueous  solutions  are  heated  or  mixed  with  strong  adds. 

5.  The  extractive  matter  insoluble  in  ether  takes  up  a  certain  proportion 
of  oxygen,  and  is  converted  into  a  product,  which  does  not  differ  in  iu 
appearance  or  ite  most  obvious  physical  properties  from  the  original 
substance. 

6.  There  exists  no  urinarv  extractive  matter  insoluble  in  alcohol,  the 
snhstance  hitherto  so  called  consisting  in  most  cases  of  compounds  of  one 
of  the  true  extractive  matters  with  various  bases. 


III.  "  On  a  Crystalline  Fatty  Add  from  Human  Urine.'^  By  Edward 
ScBVNCK,  F.B.S.   Beeeived  September  21, 1866*. 

The  oct:iiri  <  uce  of  fatty  matter  iu  urine  is  a  somewhat  rare  phenomenon, 
and  is  generally  considered  as  a  symptom  of  disease,  or  at  least  <jt  an 
abnormal  state  of  the  system.  In  most  cases  it  is  found  associated  ^\ith 
albumen,  forniing  the  so-called  "chylous  urine,''  iu  whicii  the  fatty  matter 
is  suspended  in  jtnch  extremely  minute  particles  as  to  give  the  liquid  the 
appearance  of  milk.  In  a  few  instances  it  has  occurred  in  the  shape  of 
fluid  oil-glohulcs  tUmting  about  in  the  urine;  hut  it  is  more  frequently 
found  enclosed  iu  cells,  which  bink  and  form  a  depos^it  at  the  bottom  of  the 
vessel.  Fatty  matter  is  a  constituent  of  kiesteinc,  the  pellicle  which  is 
sometimes  formed  on  the  surface  of  the  urine  of  pregnant  women ;  and  a 
fat  resembling  butter  was  obtained  from  it  by  Lehraann,  though  by  some 
authors  the  very  existence  of  kicsteiue  ug  a  peeuhar  deposit  is  doubted. 
Lastly,  a  few  cases  are  described  in  which  a  fat-like  substance  was  pa.s5ed 
with  the  urine  in  the  form  of  small  concretions,  which,  when  Ircsh,  were 
soft  and  elastic,  but  dried  into  hard,  jcilow,  wax-like  masses  (Ilcller's 

*  Bead  No?ember  15,  18CG :  see  Abstract,  vol  xr.  p.  258. 
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urotteMk).  In  no  lecorded  inaUDoe  wag  Ihe  hiiy  matter  contauied  ia 
the  secretion  in  a  atate  of  true  aolntion. 

The  aocounta  which  are  given  of  the  ph^cal  and  chemical  properties  of 
the  &tty  matters  of  urine  are  extremely  Tigue,  and  quite  insuiBcient  to 
enahle  ns  to  identifj  them»  ao  that  it  may  be  concluded  thai  in  most  cases 
the  quantity  obtained  was  extremely  small.  Dr.  Beale  has,  indeed,  ahown 
that  the  fatty  matter  which  accumulates  in  the  epithelial  cells,  passed  with 
the  urine  in  some  cases  of  fatty  degeneration  of  the  kidney,  contains 
cholesterine ;  and  Beizelius  and  Lehmann  state  that  urine^  iriien  distilled 
with  the  addition  of  sulphniie  add,  yields  butyric  add;  but  in  other 
respects  our  ignorance  is  almost  complete.  None  of  the  works  devoted  to 
the  subject  of  urine  contain  a  hint  which  would  kad  one  to  suppose  that 
fatty  matter  in  any  form  is  a  constituent  of  the  ordinary  healthy  secretion. 

These  few  words  will  probably  suffice  to  give  an  idea  of  the  present  state 
of  our  knowledge  on  this  subject  from  a  chemical  point  of  view. 

The  discovery  of  which  I  em  about  to  give  an  account  was  a  resnlt  of 
the  examination  of  the  colouring  and  extracdve  matters  of  urine  with  which 
1  have  been  occupied  for  some  time,  and  which  forms  the  subject  of  several 
Papers  already  communicated  to  the  Boyal  Sodety.  In  the  course  of  my 
experiments,  I  observed  on  several  occasions,  mixed  with  the  urinary  ex- 
tractive matters,  drops  of  a  brown  or  yellow  oil,  the  appearance  of  which 
1  could  not  account  for,  since  it  was  difficult  to  conceive  how  fiU  of  any 
kind  could  be  deposited  from  watesy  solutions  of  these  extractive  matters, 
which  generally  have  an  add  reaction ;  unless,  indeed,  it  was  assumed  either 
that  it  was  a  product  of  decompontion,  or  that  the  extractive  matters  possess 
the  properly  of  effecting  the  solution  or  suspension  of  fatty  matter  in  water. 
On  one  occasion  there  was  depodted  during  the  evaporation  of  a  watery 
solution  of  urian  (the  extractive  matter  soluble  in  ether)  a  quantity  of  fatty 
add,  from  which  I  prepared  a  baryta-salt  soluble  In  boiling  alcohol,  and 
Giystallidng  from  this  solution  in  small  scales.  Traces  of  a  iat-like  sub- 
stance were  almost  always  obtained  on  treatbg  watery  solutions  of  the  ex- 
tractive matters  with'  animal  diarcoal,  filtering,  treating  the  charcoal  with 
boiling  akohol,  and  evaporating  the  alcoholic  liquid.  Animal  charcoal  also 
effected  the  separation  of  a  small  quantity  of  fatty  matter  from  urine  itaelf. 
an4  thb  circumstance  led  me  to  devise  a  phu  for  procuring  a  quantilj 
sufficiently  large  to  enable  me  to  determine  its  chief  properties.  This 
method  I  shall  now  proceed  to  describe. 

Ordinary  healthy  urine,  having  been  filtered  so  as  to  separate  all  insoluble 
matter,  is  passed  in  successive  portions  through  purified  animal  charooal 
contained  in  a  common  percolating  apparatus.  The  percolating  liquid 
appears  quite  colourless,  and  devoid  of  the  usual  odour  of  urine.  A  laige 
'  quantity  of  urine  may  thus  be  passed  with  the  same  effect  through  a  small 
quantity  of  charcoal ;  but  at  last  there  arrives  a  point  at  which  the  char- 
coal, though  apparently  retaining  its  decoloridng  and  deodorising  power 
undiminished,  suffers  the  liquid  to  pass  through  with  extreme  slowness 
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only,  and  the  latter,  after  liaving  percolated,  appears  rather  milky,  from  a 
small  (jtinntity  of  white  matter  suspended  in  it.  At  this  point  it  is  advi- 
sable to  discontinne  the  pereolation  of  urine  and  to  coauncnce  washing  the 
charcoal  with  water.  Thi:s  is  coatiuued  until  every  trace  of  chlorides  and 
phosphates  is  removed,  and  the  charcoal  is  then  laid  to  dry,  cither  in  the 
air  or  at  a  moderate  temperature  in  a  stove.  When  dry  the  charcoal  is  treated 
with  boiliDg  alcohol^  to  which  it  communicates  a  bright  yellow  colour  like 
tbftt  of  arine  Uself,  the  liquid  is  filtered,  and  the  process  is  repeated  until 
tlie  aleoliol  aequires  only  a  ^nt  yellow  colour.  To  arrive  ai  a  point  at 
which  it  would  appear  quite  colourless  seemed  to  me  almost  impossible* 
The  whole  of  the  alcohoUc  liquid,  whieh  in  anj  case  is  consideiable  in 
q[nantit7,  is  now  evaporated  either  apontaneously  or  at  a  moderate  tem- 
perature. The  brown  syrupy  residue  which  is  left  on  evaporation  is  mixed 
with  water,  which  leaves  undissolved  a  quantity  of  dark-brown  semifluid 
fatty  matter  to  be  separated  by  filtration.  The  liquid,  which  has  a  yellow 
colour,  contains  in  solution  a  ciyatallised  organic  substance,  the  occurrence 
of  which  in  urine  has  not  hitherto  been  observed.  It  also  contains^  pro- 
tided  the  evaporation  of  the  alcoholic  liquid  was  conducted  spontaneously, 
a  quantity  of  indlcan ;  Ibr  cm  the  addition  of  sulphuric  or  hydrochloric 
add,  it  deposits  flocks  of  indigo-blue— a  reaction  which,  however^  ceases  to 
be  produced  after  the  solution  has  stood  for  some  time  in  a  warm  place. 
Its  colour  is  mainly  due  to  the  ordinary  extractive  matters  of  urine  which 
it  contains. 

The  fiMy  matter  which  is  left  undissolved  by  the  water  has  a  dark-brown 
colour  and  a  strongly  urinous  odour.  In  order  to  purify  it,  it  is  dissolved  in 
alcohol,  and  the  filtered  liquid  is  evaporated.  The  residual  fatty  mass  is 
pressed  between  blotting-papert  in  order  to  absorb  as  much  as  possible  the 
more  fluid  portion,  and  it  is  then  redissolved  in  alcohol.  The  alcoholic 
solution  is  agitated  with  a  little  animal  charcoal,  whidi  derives  it  of  some 
of  its  colour,  then  filtered  and  evaporated,  when  it  leaves  a  brownish-yellow 
residue,  which  still  retains  some  of  the  odour  just  referred  to.  By  treat- 
ing it  with  very  dilute  spirits  this  odour,  as  well  as  the  yellow  colour,  which 
seem  to  belong  to  the  same  body,  are  removed,  nnd  ah  almost  white  solid 
fat  is  left  undissolved*.  This  rnny  be  still  further  purified  by  dissolving 
it  iu  a  boiling  solution  of  carbonate  of  potash.  The  ?onp,  which  separates 
on  coolniir,  h  filtered  off,  washed  with  a  solution  of  cai  donate  of  potash,  and 
decomposed  with  acid.     The  iatty  acid  which  separates  is  now  quite 

♦  The  filtered  alcoholic  liquid  leaves  on  evaporation  a  nemifluid,  yellow,  amorphous 
fjitt}-  matter,  having  r\  ])CciJiar  urino!?'^  oclouT.  When  hcaf/nl  on  platinum-fnil  this  sub- 
stance l)ecome«  mom  fluid,  gives  oft  n  strong'  smell  like  that  of  burninii  tat,  and  t)ion 
btims  with  a  bright  liamo.  It  diasolvea  otuiily  iu  caustic  soda-lyc,  and  liio  BoiuLion 
froths  OB  beiiig  boiled.  Its  alooholie  aolutioa  is  yellow,  nddens  litmiu-papor  more 
strongly  than  the  solution  of  the  eryatatline  add,  tuoA  gives  with  aoetate  of  lead  a  dirty- 
yellow  floccitlent  precipitate,  which  ia  somowhat  soluble  in  nlcoliol,  since  the  liquid* 
when  boilt^d  and  fllt'^ml  boiling  hot,  dcpo>^{t«  a  qoantitj  of  white  orystalUne  graint 
Bcrotuixinicd  by  a  few  tlun  prismatic  oryshil^, 
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oolourleM.  After  being  weslied  it  is  diMolved  in  alcolioL  On  ipontMieoiui 
entpomtion  the  solution  leares  a  perfectly  white  crjstalUne  letidiie  eon- 
nsting  of  the  add  In  e  state  of  parity. 

As  thus  prepared,  the  sobsttnce  has  all  the  properties  eharacteristtc  of 
the  group  of  fatty  adds  to  whieh  ]iilmitie  and  steaite  acid  belong*  It  is 
white,  has  a  pearly  Instre  and  a  crystalline  appearance,  and  when  Tiewed 
nnder  the  microsoope  Is  seen  to  consist  of  small  starndu^cd  masses.  Fkom 
a  eolation  in  boiling  dilate  spirits  it  is  depositedt  on  the  solution  cooling  in 
shinbg  scales.  The  alcoholic  solution  reddens  litmus-paper  dightly ;  it 
floats  on  the  sorfaee  of  water,  which  it  repds  like  all  other  fats.  When 
the  water  is  heated,  it  mdts  into  oily  drop8»  which  on  cooling  become  solid 
and  ciystaUine.  Its  mdting-point,  as  determined  with  an  apparently  pore 
spedmen,  is  54^*3  C*  When  impure,  t.  e.  contaminated  with  the  body 
whidi  imparts  the  brownish-yeOow  colour  to  the  crude  product,  it  fuses  at 
a  lower  temperature.  A  spedmen  only  slightly  coloured  melted  at  52^*8  C«, 
another  at  49^-5  C.  When  heated  between  two  wateh-glasses,  the  add 
Aises  and  is  then  Tolatilised,  leaving  only  a  trace  of  residue,  while  there  b 
formed  on  the  upper  glass  an  oUy  sublimate,  which  on  cooling  becomes 
solid  and  glassy.  This  sublimate  dissolves  essily  in  alcohol,  and  the  aolu* 
tion  leaves  on  spontaneous  evaporation  a  white  crystalline  rendue  oonsisU 
ing  of  needles  arranged  in  star-diaped  or  feather*like  masses.  The  sob- 
stanoe  dissolves  as  easily  in  ether  as  in  slcohol,  and  the  solution  leaves  on 
evaporation  a  white  crystalline  mass.  It'  u  eadly  soluble  in  boiling  dilate 
caustic  potash  and  soda-lye,  as  well  as  in'aqaeoos  ammonia  $  these  eola- 
tions froth  on  bdng  boiled  like  those. of  wdinaiy  soap.  The  solntion  in 
potash  depodts  on  cooUng  a  quantity  of  white  pearly  scales^  which  settle 
slowfy  to  the  bottom  of  the  vessel.  The  soda  compouild  separates  in  the 
form  of  a  thick,  white,  am<»rphoas  soap,  a  veiy  small  quantity  of  which  la 
sufficient  to  cause  the  liquid  to  gelatinise  on  cooling.  The  ammoniacal 
solution  depodts  on  cooling  a  quantity  of  scsles,  whieh  resemUt  the 
potash  compound,  together  with  a  few  crystdline  needles.  Boiling  solifr> 
tions  of  carbonate  of  potash  and  carbonate  of  soda  also  dissolve  the  add 
readily.  When  the  reddue  left  by  evaporating  the  solution  in  carbonate 
of  potash  to  dryness  is  treated  with  boiling  absolute  deohd,  an  alooholie 
solution  of  the  potash-^oap  is  obtdned,  which,  after  bemg  filtered  from 
the  excess  of  carbonate  of  potash  and  spontaneoudy  evaporated,  leaves  a 
residue  consisting  partly  of  isolated  prismatic  crystds,  psrtly  of  star-shaped 
masses.  The  soda  compound  may  in  the  same  manner  be  obtained  in  a 
crystalline  state.  The  alcoholic  solution  of  dther  of  these  compounds  gives 
with  acetate  of  baryta  a  white  crystalline  depodt.  A  wateiy  solution  gives 
with  nitrate  of  silver  a  white,  curd-hke  precipitate,  which  blaokens  dowly 
on  exposure  to  tlic  light.  The  ammoniacal  solution  of  the  add  produces, 
with  the  chlorides  of  barium  and  calcium,  white,  flocculent  predpitates, 
which  do  not  become  crystalline  on  standing.  The  alcoholic  solution  yields 
with  acetate  of  lead,  an  abundant  vbite  amorphous  predpitate. 
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These  experiments  \e^K'\  to  flip  ronclusion  timt  luiman  urine  cnntnins  in 
a  state  of  solution  n  crystalline  faity  acid,  having  the  pcnrral  ]iro])erlie5?  of 
the  members  of  this  class,  which  are  soli^l  nt  the  oniiuary  temperature. 
The  (juantity  of  tliis  substance  which  I  obtained  \\  iis  too  inconsiderable  to 
enable  me  to  determine  its  composition,  and  the  melting-point  therefore 
afforded  the  only  means  of  ascertaining  whether  it  is  identical  with  any  of 
the  known  fatty  acids  or  not.  Were  it  not  for.  the  low  melting-point  there 
would  be  nothing  to  oppose  the  conclusion  that  it  is  palmitic  aciii,  one  of  the 
constituents  of  human  fat.  It  is,  however,  a  wcll-lvnowii  fact  that  niixLurcs 
of  two  solid  fatty  acids  in  certain  proportions  melt  at  a  lower  tcnipcrature 
than  the  most  fusible  even  of  the  constituents.  For  instance,  according 
to  Ileintz,  a  mixture  of  30  parts  of  stearic  acid  with  "0  of  palmitic  acid 
fuses  at  55°*  1  C,  thouf^li  the  melting-point  of  the  foruicr  when  pure  is 
70'  and  of  the  latter  G0°.  This  urinary  acid  may  therefore  be  a  mixture 
of  this  kind  and  not  a  peculiar  substance — in  fact  a  mixture  of  the  two 
acids  just  named,  which,  according  to  recent  investigations,  constitute 
together  what  was  formerly  called  margaric  acid,  the  solid  add  of  human 

Conridering  how  many  of  the  organs  and  secretious  of  the  hvman  body 
.  contain  fat»  it  need  not  excite  snrprise  that  a  minnto  quantity  of  fatty  acid 
should  be  found  in  urine  also,  in  consequence  of  deficient  oxidation  or 
from  other  causes.  That  it  forms  a  normal  constituent  of  the  sedition 
I  do  not  Yentttre  to  assert,  though  the  urine  employed  in  my  experiments 
in  no  case  exhibited  anythbg  peculiar,  and  when  submitted  to  the  process 
above  described,  never  Ailed  to  yield  a  little  of  the  hktj  acid.  The  quaa« 
tity  obtained  was  always  extremely  small.  In  one  experiment,  for  instance, 
45  litres  of  urine  yielded  0*14  grm.  of  tolerably  pure  add,  which,  assuming 
the  urine  to  have  been  of  avenge  composition,  would  be  equal  to  the 
22000th  part  of  its  solid  constituents.  It  is  far  from  certain,  however,  that 
this  was  the  total  quantity  contained  in  it.  The  simple  method  of  sepa« 
rating  the  substance  from  tlie  urine  which  I  have  described  will  enable 
pathologists  to  determine  whether  in  cases  of  disease  its  quantity  is  sensibly 
increased. 

The  question  how  this  fatty  add,  which  belongs  to  a  class  of  bodies 
almost  insoluble  in  water,  comes  to  be  dissolved  in  urine  will  naturally 
SDggest  itself,  but  it  is  one  to  which  it  is  difficult  to  find  a  satisfactory  reply. 
Whether  urine  is  capable  of  dissolving  a  small  quantity  of  the  add  itseli^ 
whether  the  latter  is  contained  in  it  in  combination  witli  someba>o,  the 
compound  bdng  soluble  in  water  but  not  decomposable  by  the  weak  adds 
of  the  urine,  or  whether,  as  there  seems  reason  to  suspect,  the  extractive 
matters  promote  the  solubility  of  the  fatty  acid  in  water,  are  points  on 
which  I  express  no  opinion.  That  the  animal  charcoal,  when  used  in 
the  manner  above  described,  cflTccts  not  a  mere  filtration,  but  an  actual 
separation  of  some  of  the  constituents  of  urine,  may  be  considered  as  quite 
certain. 
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lY.  ''On  Oxaloiate  of  Ammonia  w  a  Consiitaent  of  Human  Urine." 
By  Edward  Schunck,  F.R.S.   Received  November  15, 1866*. 

When  urine  is  allowed  to  percolate  through  animal  charcoal  in  the 
manner  described  in  the  preceding  Paper,  several  organic  substances  are 
absorbed  and  separated  by  the  charcoal  in  addition  to  the  fatty  acid  tlicre 
referred  to.    The  liquid  obtained  by  treating  tlie  charcoal  with  boiling 
alcohol  yields  on  evaporation  a  syrupy  residue,  of  which  a  great  part  dis- 
solves 111  v.jiter,  the  ffitty  acid  being  left  undissolved.    The  filtered  liquid 
ou  being  agani  evaporated  leaves  a  brown  syrup,  among  which  a  quantity 
of  yellowish  crystals  is  formed  on  standing.    On  treating  the  mass  with 
cold  alcohol,  the  syrupy  portion,  consisting  of  urinary  extractive  matter,  is 
removed,  the  crystals  benig  lift  undissolved.    The  latter  are  Ultered  off, 
washed  with  alcohol,  and  then  dissolved  iti  boiling  water.    The  solution, 
which  has  a  slightly  yellow  colour,  is  evaporated  to  a  small  volume,  and 
the  crystals,  which  separate  on  standing,  are  pressed  between  blotting-paper 
and  then  dissolved  in  a  little  boilui-  water  to  wluch  a  small  quantity  ot 
animal  charcoal  is  added.    The  filtered  solution,  if  tolerably  concentrated, 
becomes  on  cooling  almost  solid,  from  the  formation  of  a  quantity  of  white 
crystalline  needles,  which,  after  the  liquid  has  been  drained  off,  only  re- 
quire drying.    The  substance  as  thus  prepared  consists  of  pure  oxalurate 
of  ammonia,  since  jt  is  found  to  posses?  botli  the  properties  and  the  com- 
position of  that  salt,  as  I  shall  now  ])rocecd  to  shou-. 

The  crystals  of  wliich  it  consists  are  mostly  small,  and  exhibit,  even  when 
magnified,  few  well-defined  forms.  When  a  few  drops  of  the  watery  solu- 
tion are  allowed  to  evaporate  spontaneously  on  a  slip  of  glass,  the  residue, 
when  viewed  under  the  microscope,  is  found  to  consist  mainly  of  groups  of 
crystals  arranged  round  centres  in  various  irregular  turms,  the  larger  ones 
being  composed  of  prisms,  which  are  acuminated,  jHi:i;eiI  at  the  cdues,  and 
transversely  striated,  the  smaller  ones  of  needles  arranged  in  star-shaped, 
double  fui-shaped,  or  ciieulai-  masses.  Occasionally  isolated  crystals  are 
seen,  having  the  form  of  rhombic  plates,  some  of  which  have  two  of  their 
opposite  angles  truncated.  I  have  not  yet  had  an  opportunity  of  compa- 
ring these  forms  with  those  exhibited  by  the  oxalurate  ot  annnouia  obtained 
directly  from  uric  acid.  The  substance  is  tolerably  sol  ibic  in  boiling 
water,  but  very  slightly  soluble  in  boiling  alcohol,  the  little  which  dis- 
solves in  the  latter  being  deposited,  on  the  solution  cooliofr,  in  fine  needles 
arranged  in  stars.  The  watery  solution  is  neutral  to  test-paper ;  but  on  al- 
lowing a  droj)  to  fall  on  blue  litmus-pnper,  and  exposing  the  latter  to  the 
air  for  sonic  hours,  the  spot  w  ill  appear  quite  red.  'I'he  watery  solution,  on 
being  mixed  with  hydrochloric  or  nitric  acid,  yields  a  white  crystalUue  de- 
posit (oxnhiric  acid),  which,  on  being  left  in  contact  with  the  acid  liquid,  gra- 
dually disappears.    If  nitric  acid  has  been  employed  and  the  solution,  after 
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the  deposit  has  dissolveJ,  be  spontaneously  evaporated,  amnss  of  crystals  is 
left,  some  of  which  have  the  well-known  form  of  nitrate  of  urea,  while  the 
others  are  prismatic,  and  consist  doubtless  of  oxalic  acid.  If  the  solution, 
after  the  addition  of  any  strong  acid,  be  boiled,  oxalic  acid  n.ay  after  a  few 
moments  be  detected  in  it.  The  waterv  solution  i;ives  no  precipitate  with 
chloride  of  calcintn,  not  even  on  the  addition  of  ammonia  ;  but  on  boiling, 
nu  abundant  precipitation  of  oxalate  of  lime  tak<  ^  place.  If  a  tolerably  con- 
centrated solution  be  mixed  \Mi\i  chloride  of  calcium  aud  left  to  stand,  it 
deposits  after  some  time  a  quantity  of  prismatic  lustrous  crystals,  consisting 
doubtless  of  oxaluratc  of  lime.  Tiic  watery  solution  gives  no  immediate  pre- 
cipitate with  nitrate  of  silver  ;  but  after  a  few  moments  it  begins  to  deposit 
white  crystalline  needles,  which,  if  the  solution  was  concentrated,  increase  to 
such  an  extent  as  to  till  the  whole  liquid.  These  needles  are  silky  in  ap- 
pearance, and  do  not  bhicktjn  on  exposure  to  the  light,  but  only  become 
slightly  yellow ;  they  dissolve  easily  in  ammonia,  but  no  reduction  takes 
place  on  boiling  the  solution.  The  watery  solution  of  the  substance  gives 
with  mceUte  of  lead  a  copious  crystalline  deposit,  and  if  this  be  filtered  off,  the 
soludon  yields  on  tfamding  a  crop  of  small  iDstront  crystals.  These  crystals, 
when  eumiiied  under  tbe  mieroscope,  are  found  to  bare  Tery  regular  forma, 
oonaistiog  of  elongated  foor^ded  prisma,  with  six  terminal  faces*  Whether 
this  form  is  the  same  as  that  of  the  ozalunte  of  lead,  prepared  with  add 
obtained  from  the  usual  source,  I  cannot  say,  as  I  have  been  unable  to  find 
any  description  of  the  salt  in  the  books.  The  watery  solution  gives  no 
precipitate  with  perchloride  of  mercury ;  but  on  the  addition  of  chloride  of 
noc  it  deposits  after  some  time  a  quantity  of  white,  hard  crystalline  grains, 
which,  after  being  filtered  off  and  washed,  are  found  to  contain  no  chlorine, 
and  on  being  heated,  melt  and  bum,  leaving  a  white  residue  of  oude  of 
line.  If  the  substance  is  dissolved  in  dilute  hydrochloric  acid,  and  the 
solution,  after  the  addition  of  Hchloride  of  platinum,  is  evaporated  to 
drynesa^  the  residne  on  being  treated  with  cold  alcohol  dissolves  partly,  a 
quantity  of  sbtnmg  yellow  ciyalal^  consisting  of  chloride  of  platinum  and 
ammonium,  being  left  undissolved. 

Buch  are  the  principal  reactions  of  this  substance.  Its  analysis  yielded 
the  following  results : — 

0-6230 gnu.  lost,  on  being  heated  for  several  hours  in  the  water-bath, 
0  0030  grm.,  or  0*48  per  cent.,  a  loss  too  trifling  to  be  attributed  to  any* 
thing  hut  hygroscopic  moisture. 

0  3  f)  65  grm.  of  the  dry  substance  gave  0*3150  grm.  carbonic  acid  and 
01 61 5  grm.  water. 

0*2605  grm.,  burnt  with  soda^lime,  gave  1-1425  grm.  chloride  of  platinum 
and  ammonium. 

These  numbers  lead  to  the  formula  C«  N,  which  is  that  of  om* 
lurate  of  ammonia,  and  requires 
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*It  is  therefore  oertain  that  the  substance  obtained  by  this  process  is 
oxslurate  of  ammonia.  These  experiments,  however,  bj  no  means  decide 
the  question  whether  the  oxaluric  acid  exists  originally  in  a  free  or  com- 
bined state,  since  most  chemists  deny  the  presence  of  ready*formed  am- 
monia in  urine ;  and  it  is  quite  possible  thht  in  my  experiments  a  sniBcient 
quantity  of  ammonia  was  formed  by  the  decomposition  of  urea  to  saturate 
the  oxaluric  acid  present.  Still  I  indine  to  the  opinion  that  the  ammonia* 
salt  preexisted  in  the  urine  examined,  since  there  were  no  perceptible  indi- 
cations of  decomposition  during  the  percolation  of  the  urine  through  animal 
charcoal,  a  process,  indeed,  which  would  rather  tend  to  prevent  decompo- 
sition than  to  promote  it.  The  acid  reaction  of  the  urine  might  be  uiged 
as  an  objection  to  thu  view ;  but,  on  the  other  hand,  it  may  safely  be 
asserted  that  we  are  still  in  the  dark  as  to  the  cause  of  the  add  reaction  of 
urine,  which  may  be  due  to  an  acid  or  acids  much  weaker  than  oxaluric. 

Whether  oxaluric  add,  either  free  or  combined,  is  a  normsl  constitneiit 
of  human  urine  or  not,  is  a  question  which  may  also  bo  raised ;  but  it  is 
one  to  which  I  am  unable  to  give  a  dedded  reply,  as  my  experiments  are 
not  sufficiently  numerous  for  the  purpose*  I  may  venture^  however,  to 
express  my  opinion  that  this  add  will  be  found  to  be  a  constitoent  of  the 
hMlthy  secretion  *•  The  presence  of  oxsluric  add  in  urine  had  been  pre- 
viously suspected,  since  the  dumb-bell  crystals  occadonally  found  among 
the  deposits  of  oxalate  of  lime  are  supposed,  by  Golding  Bird  and  otbefs» 
to  consist  of  oxalurate  of  lime^  though  the  evidence  on  which  this 
.opinion  is  founded  is  unsatisfactory,  and  has  been  refuted  by  other  obser- 
vers. 

On  the  other  hand,  there  can  be  no  doubt  that  the  presence  of  oxaluric 
add  or  its  edmpounds  in  urine,  whether  it  be  an  exceptional  phenomenon 
or  not,  serves  to  exphun,  in  an  easy  and  satisfactory  manner,  the  formation 

*  III  a  miiture,  or  any  impure  product  BupjK>8C(l  to  oontain  OMjluric  acid,  I  would 
recoiuiucnd  its  dct<;otion  in  the  following  manner:— The  matter,  if  soluble,  should  be 
diwol^  in  water ;  but  if  it  ia  iniolable,  in  oonscquonoe  of  tbe  ofaomabaaeL  a 

litUa  anlphurio  add  alioald  be  added  to  eet  at  liboity  the  oxaloria  aoid^  allar  wbidi  the 
solution  should  be  inixi  d  with  aoetato  of  lead ;  and  if  any  precipitate  is  thereby  pro- 
du'-ed.  tliif*  must  bo  filtered  off  and  the  liquid  left  to  stand,  \\\ww  it  dL-jwsit.s  suiull 
sinning  crvstalj*  if  oxaluric  add  h  present.  The  residue  obtained  b_v  eviiporation  of 
the  niolhcr-iiqiiid  ofcrcjitino,  obtained  from  urine  in  the  usunl  manner  by  means  of 
chlof!^  of  anc,  gave,  when  treated  in  this  way,  erjatals  vhidi  could  not  be  dietixigiiiahed 
hy  their  fom  from  omlnnte  of  lead.  Oxalurate  of  stiver,  distinoUy  oystalliaad,  can 
only  he  obtained  £rom  perfectly  pure  oxaluric  ai?id* 
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of  oxalate  of  lime  lo  often  taking  place  in  the  secietion.  The  appearance 
of  oxalate  of  lime  as  a  deposit  from  urine  long  after  its  emission  has 
hitherto  been  a  pnzzliDg  phenomenon,  and  the  most  improbable  hypotheses 
have  been  resorted  to  in  order  to  explain  it.  It  ha^,  for  instance,  been 
assumed  that  there  exists  in  the  animal  economy  a  tendency  to  the  forma- 
tion of  a  soluble  triple  compound  of  oxalic  acid,  lime,  and  albumen,  wliich, 
by  its  decompontion,  allows  oxalate  of  lime  to  crystallize.  Then  it  has 
been  maintained  by  Bees  that  uric  add  and  the  urates  furnish  oxalic  acid 
Trhcu  the  urine  containing  them  is  simply  heated  or  boiled  ;  though  this 
statement  is  questioned  by  other  observers,  and  it  is  certain  that  under 
ordinary  circumstances  the  conversion  of  one  into  the  other  can  only  be 
effected  by  means  of  rery  powerful  oxidizing  agents  such  as  nitric  acid. 
The  attempts  which  have  been  made  to  prove  that  oxalate  of  lime  may 
exist  ready  formed  and  in  a  state  of  solution  in  the  urine  arc  also  unsatis- 
factory, the  only  known  solvent  likely  to  occur  naturally  bting  acid  phos- 
phate of  soda.  Were  this  salt  really  the  means  of  keeping  the  oxalate 
disisnlved,  the  latter  would  only  he  deposited  when  the  add  reaction  of  the 
ut  iiie  liad  disappeared,  or  had  at  least  somewhat  diminished,  which  is  not 
the  case.  Now,  however,  the  whole  process  may  he  easily  explained, 
Oxalnric  acid,  as  all  chemists  know,  may  be  considered  as  a  compound  of 
oxalic  acid  and  urea  minus  water,  its  composition  corresponding  to  that  of 
oxamic  acid.  By  the  action  of  acids,  alkalies,  or  even  water  at  a  high 
temperature,  it  is  d('cnm]>rj>cil,  yiLldiug  oxalic  acid  and  urea.  How  easily 
this  process  of  decompos-iLiun  may  be  set  up  in  urine  when  allowed  to 
stand,  or  even  boiled,  need  not  be  pointed  out.  The  oxalic  acid  as  soon  as 
formed  combines,  of  course,  with  the  lime  which  is  always  present  in  urine, 
producing  the  well-known  deposit  of  oxalate.  Those  who  maintain,  with 
Rees,  that  oxalate  ot  lime  may  be  produced  in  the  urine  attcr  excretion  are 
thereforu  quite  correct,  though  the  phenoriK  uuu  has  liiilici  !.u  becu  wrongly 
interpreted.  The  conversion  of  oxaluuc  into  oxalic  acid  may,  however, 
commence  already  in  the  bladder,  or  even  more  remote  parts  of  the  system, 
and  thus  lead  to  the  formation  of  concretions  and  calculi.  Regarding  the 
origin  of  the  oxalnric  acid  of  urine  there  can  be  little  doubt,  lu  the  animal 
frame,  just  as  m  the  laboratory,  it  must  be  formed  by  the  oxidation  of  uric 
acid,  which  is  its  only  known  source ;  it  may  be  considered  as  the  Tehicle  ap- 
pointed by  nature  for  getting  rid  of  oxalic  acid  in  the  least  injurious  form* 
Were  this  acid  excreted  as  such«  it  would,  by  combining  with  Ume,  produce 
aeriooa  naoltii  which  are  prevented  by  the  simple  expedient  of  cansing  it  to 
.pass  off  in  a  state  of  intimate  union  with  urea. 
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I.    On  a  New  Class  of  Bodies  Homologous  to  Hydroeyanic  Actd.^'— > 
1.  By  A.  W.  UoPMANN,  LL.D.,  P.R.S.  Keceived  August  20, 1867. 

The  typical  transformntion  wliich  hydrocynnic  acid  underpoes  when  sjiib- 
mitted,  under  appropriate  circumstances,  to  tlie  action  of  water,  is  capable 
of  assuming  two  different  forms  when  nccoiji[jlisbp(l  in  its  homologues. 

If  the  Iiydrocyanic  molecule  be  tunri(!  to  fix  the  elt  riiL  iiis  of  two  mole- 
cules of  water,  yielding  ultimntely  formic  acid  and  ammonia,  it  is  obvious 
that  the  atom  eroup  which  in  the  homologues  of  hvdrocyauic  acid  we  as- 
sume in  the  ])l;u  e  of  hydrogen  may  be  eliminated  when  the.H'  honiok  i^iies 
are  decomposed  by  water  in  conjunction  either  with  formic  acid  or  with 
ammonia.  To  tnke  an  example: — AVIk  u  acting  with  water  upon  the  sim- 
plest homoU)gu('  of  hydrocynnic  acid  (  u]Mjn  cvanideof  methyl),  we  may  ex- 
pect to  see  the  methyl-group  separating  either  in  the  form  of  incthyl-formic, 
I.  e.  acetic  acid,  or  \n  the  form  of  methyl-ammonia,  i.  <?.  of  methylamiue. 
The  dift'erence  of  the  t-.vo  reactions  and  their  relation  to  the  metamorphosis 
of  hjdrocyauic  acid  itself  are  ej^hibited  by  the  following  ei^uatioos : — 

OHN   +    2H,0   »   CH,0,   +  H,N. 


Prusaic  ucid. 

I.  C,H3N+  2H,0 

T 

cyanide  of 
metbjt  a. 


2.  C,H3N  + 


2H,0 


Cyanide  of 
methyl  /3. 


Formic  acid. 

HeUi^lformlc 
(aoetio)  acid. 

Formio 
sotd. 


CH.N. 
MetbjlankUM 


The  former  one  of  these  processes  of  transformation  is  familiar  to  che- 
mists from  the  study  of  the  hydrocyanic  ethers  or  nitriles.  The  first  mem- 
ber of  this  remarkable  group  of  bodies  (cyanide  of  ethyl)  was  diseofeied  by 

Pelouzc ;  the  general  character  of  their  transformation  was  subsequeutly 
established  by  the  beautiful  investigations  of  Kolbe  and  Frankland  on  the 
one  hand,  and  by  those  of  Dumas,  Malaguti,  and  Le  Blanc  on  the  other. 

Rescnrclifs  in  which  I  have  been  engaged  during  the  last  few  weeks  have 
proved  tliat  ilie  second  process  of  transformation  does  not  less  frequentlj 
occur.  Indeed  I  have  found  that  there  corresponds  to  each  of  the  hydro- 
cyanic ethers  or  nitriles  known  hitherto,  a  second  body  of  precisely  the 
same  com]  nsitirn  but  of  absolutely  different  properties.  These  substances, 
when  changed  by  water,  undergo  the  traosformatiott  which  is  exhibited  by 
the  last  one  of  the  three  above  equations, 

A  happy  cxprrinuiit  has  ltd  me  to  the  discovery  of  this  new  class  of 
bodies.  In  a  lecture  I  vanted  to  exhibit  the  interesting  transformatioa  of 
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ammonia  into  prnssic  acid  by  means  of  ciiloi  ofnrni,  which  was  rir^t  ohsprvrtl 
by  M.  Clocz,  and  which  illustrates  so  well  onr  present  views  on  qiiantiva- 
lence.  When  the  two  substances  hlone  are  allowed  to  act  ujfon  one  another, 
this  reaction  can  be  rapidly  ac€omj»li-lu  (i  only  at  a  hii;li  tt'inpcraturc  nnd 
consequently  under  pressure.  In  order  to  shorten  the  iiroccss  (in  one  word, 
in  order  to  exhibit  this  important  reaction  in  a  lecture-experiment),  I  had 
added  potash  to  the  mixture  for  the  purpose  of  fixing  the  newly  formed 
prnssic  acid,  and  was  (delighted  to  find  that  a  few  seconds'  ebullition  was 
eulficient  to  yield  a  considerable  amount  of  cyanide  of  potassium,  so  as  to 
furnish,  after  the  addition  of  the  two  salts  of  iron,  a  large  quantity  of  Prus- 
sian blue.  On  subsequently  repeating  the  experiment  with  some  of  the  de- 
rivatives of  amuionia,  more  especially  with  several  primary  monamines,  I 
was  astonished  to  observe  in  each  case  a  powerful  reaction  giving  rise  to  the 
evolution  of  vapours  of  an  almost  overvvlii. lining  odour,  strongly  recalling 
thrit  of  prussic  acid.  But  few  experiments  were  necessary  for  the  purpose 
of  isolating  the  odoriferous  bodies.  The  compounds  thus  formed  are  the 
substances  isomeric  with  the  hydrocyanic  ethers  or  uitriles  hitherto  ex- 
amined. 

From  the  host  of  Mies  wbich  were  thus  snddenlj  thrown  into  view,  it 
was  necessaiy  to  single  out  the  compound  of  a  particular  series  in  order  to 
determine  by  accurate  experiments  the  nature  of  the  new  reaction.  The 
facility  of  procuring  the  necessanr  material^  as  well  as  old  predilections* 
suggested  Uie  phenyl-series  as  the  one  to  be  examined  in  the  first  place, 
I  beg  leave  to  submit  to  the  Royal  Society  a  brief  account  of  the  mode  of 
preparation,  and  of  the  principal  pro])ertiei,  of  the  new  derivatiTe  of  aniline. 

Cyanide  of  Phenyl. 
A  mixture  of  aniline,  chloroform,  and  alcoholic  potash  yields  on  distillation 
a  liquid  of  a  powerfVllIy  aromatic  but,  at  the  same  time,  hydrocyanic-acid- 
like odour.  The  vapour  of  the  liquid  gives  rise  to  a  peculiar  bitter  taste, 
and  causeSi  moreover,  in  the  throat  the  suffocating  sensation  so  characteristic 
of  hydrocyanic  acid.  On  redistilling  the  liquid,  alcohol  and  water  pass 
first,  and  ultimately  an  oily  body  is  procured,  which,  in  addition  to  the 
smelling  substance,  still  contains  a  large  amount  of  aniline.  The  latter  is 
separated  by  oxalic  acid,  when  the  powerfully  smelling  compound  remains 
in  the  form  of  a  brownish  oil.  Freed  from  water  by  hydrnfr*  of  potassium 
and  purified  by  distillafinn,  the  new  body  presents  itself  as  a  T7To1>ile  liquid, 
exhibiting  a  irrecni«h  colour  in  transmitted,  and  a  bcautifullv  Ivlue  colour 
ill  r<  Ik  rted  light.  This  colour  does  not  disappear  by  distillation  even  in  a 
current  of  hydrogen. 

The  analysis  of  the  blue  oil  has  established  the  formula 

The  compound  is  thus  seen  to  be  isomeric  with  bensonitrile,  discovered  by 
Fehling,  from  which  it  diffiers,  however,  in  all  its  properties.  In  order  to 
distinguish  the  new  compound  from  bensonitrile  I  will  call  it  cyanide  qf 
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phenyl,  without  intending,  however,  by  sdeetingthii  nme*  to  etprentny 
ptftieolar  view  as  to  its  constitntion.  The  fonnation  of  cyanide  of  pben}! 
is  repieiented  hy  the  following  equation  t-~ 

C.HyN  +  CHCl,  =  C.H.N  +  aHCL 

AnilmOb     Chloroform.    Cjanido  of 

phenyl. 

Cyanide  of  phenyl  cannot  be  Tolatilized  without  ondeigoing  decompo* 
aation.  During  dislillation  thermometer  marks  for  sometime  the  con- 
stant temperature  of  1^7^  which  may  be  taken  as  the  boiling-poiot  of 
cyanide  of  phenyl.  Then  the  temperature  rises  rapidly  tn  from  220^  to 
330^,  The  brown  liquid  which  now  distib  is  destitute  of  odour,  and  soli- 
difies on  cooling  to  a  crystalline  mass,  easily  purified  by  solution  in  alcohol, 
but  not  yet  more  minutely  examined.  Cyanide  of  phenyl  is  remarkahle  for 
the  facility  ^vith  which  it  coinhiiics  with  other  cyanides.  The  compound 
with  cyanide  of  silver  is  particularly  beautiful.  The  behavi  ur  of  cyanide 
of  phenyl  with  acids  is  more  especially  characteristic*  Scarcely  changed 
by  the  action  of  alkalies,  it  cannot  be  left  in  contact  even  with  moderately 
dilute  acids  without  undergoing  alteration.  When  submitted  to  the  action 
of  concentrated  acids^  the  liquid  bursts  into  ebullition^  and  the  solution, 
after  cooling,  contains  only  formic  acid  and  aniline. 

CyH.N  +  2fl,0  B  CH,0,  +  C.HyN 


■V- 


CJyaoideof  Formic  Aailine. 

phenyl.  acid- 

•  Ik  nzonltrile,  isomeric  with  cyanide  of  })hcnyl,  is  known  to  be  slowly 
attacked  by  acids,  but  to  be  rapidly  trausformed  by  alkalis  into  benzoic 
acid  and  ammonia. 

C,1I,N  +  2H,0  «  C^n.O,  +  H,N. 
Bennmifanle.  Bensoie  add. 

The  transformation  of  benzonitrile  into  benzoate  of  ammonium,  as,  indeed, 
the  tran^fonnation  of  tlienitriles  into  the  ammonium-salts  of  the  respoctire 
acids  generally,  is  not  accomplished  in  one  single  bound.  By  fixing  only 
one  molecule  of  water,  benzonitrile  is  first  converted  into  beuzamide, 

C;1I,N  +  H,0  =  C,H,XO 

Bftiioiutnlt.  Benvunidb. 

Nor  is  the  corresponding  term  of  tlie  isomeric  series  wanting.  This  sub- 
stance has  long  been  known  as  phenyl- formamide  or  formanihde, 

rjT  X  +  H,0  =  CyHjNO 

Qjanide  of  Fbenjrl- 
phenyl,  formamide. 

But,  in  addition  to  phenyl-fonnamide,  there  figures  in  this  aeries  m  aecood 
Intermediate  compound,  the  analogue  of  which  among  the  deriTaiiycs  of 
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benzonitrile  is  not  yet  perfectly  known*.  This  cnrnj  ound  is  the  well-defined 
base  which  some  time  ago  I  described  as  mcLheiiyUlijihenyldiamiue,  and 
whicb  may  be  looked  upon  as  formed  by  the  nssot  iuLiun  uf  a  molecule  of 
cyanide  of  phenyl  with  a  molecule  of  aniline.  The  successive  changes  wlach 
cyanide  of  phenyl  undergoes  when  submitted  to  the  iuiiueuce  of  water  are 
tbos  exhibited  by  the  following  series  of  equations : — 

C„H.,N,    +    2H.0  =     CH,0.   +  C„H„N. 


2  mols.  cynnide 

of  plionyl. 


Formifi  aoid. 


BF»  thcnyldi- 
phenyldiainino. 


IfoChenjIdi- 
phflnyldtuune. 

C;H;NO  + 

PbeajU 
fomuunide. 


H.0 


Phenyl- 
forroamida 

=     CH  O. 


 V 

Formic 
acid. 


Aniline. 
Aniline. 


A  glance  at  these  torniula;  shows  that  the  metamorphosis  of  phenylic 
cyanide  is  jjerfLciIy  nnalogous  to  that  of  pbenylio  cyatiate,  wlpcb  I  have 
studied  at  an  earlier  date. 


+  2H,0 


2  mda.  ojanato 
of  pbenjrL 

C,.H,.N.O 

Diphenyl'Urea. 


+   H,0  - 


C\H,NO,    4-  IL^O 


Carbonio 
bydrale. 

Anhydrous  car* 
bonata  <tf  aniliiiek 


=  CH.O. 


Diphenyl'iina. 

C,H,N 

' — « — ' 
Aniline. 


II, N 

«  7 


Anhydrous  car- 
bonate of  aniline. 


Cnrbonie 
hydrate. 


In  conclusion,  I  may  state  that  I  have  submitted  ediyUunaine,  nmylaminc, 
and  toluidine  to  the  action  of  chloroform.  The  phenomena  are,  as  might 
have  been  expected,  perfectly  analogous.  Indeed  the  application  of  the 
new  reaction  to  the  different  classes  of  the  ammonia  derivatives,  to  the 
amides,  to  the  diamines  and  triamines,  and  perhaps  even  to  some  of  the  na- 
tural alkaloids,  promises  a  rich  harvrst  of  rcsnltR.  iShould  I  have  the  good 
fortune  of  gatherins;  some  of  tlipsp,  I  ^hall  not  fail  to  present  tliein  to  t!ic 
Society,  whic^  hns  so  generously  encouraged  and  assisted  mj  earlier  re- 
searches in  the  tield  of  organic  chemistry. 

*  Shnrtly  bcfor*^  his  death,  Gtrhnrdt  wii?<  cnjrngiHl  in  pxporimenta  on  tlif  nnti'm  of 
pcntacliloride  of  phoephorus  on  the  amides,  a  brief  aooount  of  which  waa  subsequently 
published  bj  M.  Ckhoors.  Among  other  tufaetancea,  I  find  that,  by  acting  with  pente* 
diloride  of  photphoriui  upon  benaaniUde,  Cterhardt  obtauied  a  cihkMnde^C|,H,oNOI, 
which  yields  with  ammoniaa  ctTBtallino  subetaooe.  It  can  scarcely  be  doubted  that  this 
compound  U  ihedenTuiivc  ofbcnzonitrile  corre<>priidiiinr  to  incthenyldtphenjldiamine, 
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II.  On  a  New  Series  of  Bodies  Homologous  to  Hydrocyanic  Aeid,^' — 
II.  ByA.W.  HoFMANN,  LL.D.,  r.R.S.  Received  August  31, 1867. 

In  a  letter  submitted  to  the  Royal  Society  some  weeks  ago  I  directed 
nttentioii  to  a  new  series  of  liomologues  and  analogues  of  hydrocyanic  acid, 
generated  by  the  action  ot'  ehlorotbrm  oa  the  primary  monamincs.  As  a 
representative  of  this  group  of  bodies,  I  described  the  cyanide  of  phenyl, 
the  formation  and  the  properties  of  which  liad  been  aimodt  exclusively  the 
subject  of  my  researches. 

I  have  followed  np  the  study  of  these  new  bodies,  which  have  become 
more  and  more  attractive  to  me  in  j)roportion  as  I  investigated  their  nature. 
Being  formed  in  a  well-detined  reaction,  endowed  with  properties  quite 
unexpected,  stable  in  certain  cases,  and  of  extreme  alterability  in  others, 
capable  of  the  most  varied  reactions  that  can  be  imagined,  these  bodies 
possess  all  the  characters  which  invite  a  detailed  examination.  Thus  I 
find  myself  at  the  threshhold  of  a  long  investigation,  the  results  of 
which  I  beg  permission  to  submit  to  the  Eoyal  Society  in  the  order  ia 
which  they  present  themselves. 

Cyanide  of  Ethyl 

After  having  fixed  in  the  phenylic  group  the  general  ehatacters  of  the 
reaction,  my  attention  was  viij  naturally  directed  to  the  etbylic  series. 
For  this  purpose,  it  was  first  necessaiy  to  procure  ethylsmine  in  rather 
considerable  quantities.  Happily  in  this  case  the  Hbeiid  cooperatioo,  so 
often  experienced^  of  my  friend  Mr.  E.  C.  Nicholson^  was  agun  at  hand. 
Interesting  himself  with  a  cordiahty,  for  which  I  cannot  snfficieotly  thank 
him,  in  the  continuation  of  my  researches  on  the  ethylie  bases,  Mr. 
Nicholson  had  placed  at  my  disposal  the  product  of  the  action  of  ammonia 
on  iodide  of  ethyl  produced  in  a  single  operation  performed  in  one  of  his 
great  sntocla?es  on  20  kitogs.  of  iodide  of  ethyl. 

Thanks  to  the  happy  alliance  between  scienee  and  industry,  which  eha^ 
racteriaes  our  times,  I  was  thus  enabled  to  study  the  transformation  of 
ethylamine  nnder  the  influence  of  chloroform  on  a  rather  large  scale. 

On  gradually  introdneing  a  mixture  of  an  slcoholic  solution  of  ethyl- 
amine  and  chloroform  into  a  retort  containing  ])owdered  potassic  hydrate,  a 
most  powerful  reaction  takes  place ;  the  mixture  enters  into  ebullition,  and 
a  liquid  distils  over,  the  penetrating  odour  of  which  snrpssses  anything  that 
it  is  possible  to  conceive.  Berides  the  odoriferous  body  the  product  of  the 
distillation  contains  ethylamine,  chloroform,  alcohol,  snd  water,  and  a  con- 
siderable number  of  rectifications  are  required  in  order  to  isolate  the  cyanide 
of  ethyl  from  this  mixture. 

As  the  substance  is  rather  volatile,  the  frequently  repeated  fraetional 
distillations  become  a  most  painful  operation,  and  more  than  once,  while  I 
have  been  engaged  in  these  experiments,  my  laboratory  has  been  almost 
inaccessible.  Thus  with  a  temperature  of  30°  I  have  found  it  desirable  to 
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interrupt  for  the  time  the  preparation  in  the  pure  state  of  the  auidu  ui 
etbjU  and  to  icfame  it  at  a  more  favourable  season. 

I  was  neverihel^  esricHia  to  itudy,  even  now,  a  true  homologue  of 
^aaide  of  ethyl  in  order  to  compare  itB  properties  witli  those  of  cyanide  of 
phenyl.  The  binling-points  of  the  amylie  compomidi  bdng  wii^iin  con- 
Tcnieni  limits^  I  was  indoeed  to  leket  the  amyl-series  at  presenting  the 
greatest  chance  of  success* 

On  submitting  amylamine  to  the  action  of  chlofoform,  the  same  pheno- 
mena are  observed  as  in  the  analogous  reaction  between  ehloroibrm  and 
aniline.  One  molecule  of  amylamine  and  one  molecule  of  chloroform  eott<» 
tain  the  elements  of  one  molecule  of  cyanide  of  amyl  and  three  of  hydro- 
chloric add : — 

C,H„N   4-    CHCl,   —   C,H„N    +  SHCl. 

' — , — '  * — , — '  * — . — ' 
Amilunine,       Cblorofonn*      Cyanide  oC  Amyl, 

The  cyanide  of  amyl  is  a  transparent  colourless  liquid  lighter  than  water, 
insolnblein  water,  but  dissolved  l^y  alcohol  and  ether,  of  an  oppressive  odour, 
resembling  at  the  same  time  that  of  amylic  alcohol  and  of  hydrocyanic  add. 
Its  vapour  possesses,  in  a  still  higher  degree  than  that  of  the  cyanide  of 
phenyl^  the  property  of  producing  on  the  tongue  an  insupportably  bitter 
taste,  and  of  giving  rise  in  the  throat  to  the  sensation  of  suffocation,  so 
characteristic  of  bydrocynuic  acid. 

The  cyftttide  of  amyl  may  be  distilled  without  decomposition.  It  boils 
at  \'67^  C,  that  is,  at  a  temperature  8°  lower  than  the  boiling-point  of  Its 
isomer,  capronitrile.  It  will  be  remembered  that  the  boiling-point  of 
cyanide  of  phenyl  is  lower  than  that  of  benzonitrile. 

Under  the  influence  of  alkalies  and  adds,  the  cyanide  of  amjl  behaves  in 
the  same  manner  as  the  phenylic  cyanide.  Though  only  slightly  attacked 
by  alkalies,  it  is  decomposed  by  acids  with  a  violence  which  is  almost  ex- 
plosive ;  a  short  ebullition  with  water  is  sufficient  to  transform  it  into  for- 
mic add  and  amylamine: — 

C,H,iN    +    2U,0    =    CU,0,    +  C,H„N. 

cyanide  of  amyl.  Formic  odd.  Amylamine. 

In  order  to  fix  this  etiimtlon  by  numbers,  I  have  carried  out  the  reaction 
by  menus  of  dilute  sulj)huric  acid.  The  formic  acid  was  then  distilled  off 
and  trausfornicd  into  a  ^oJmm-salt,  and  analyzed  as  formate  of  silver ;  the 
residue  in  the  retort  furaished,  on  addition  of  an  alkali,  amylamine  in 
considerable  quantities.  It  was  identified  with  that  obtained  from  cyauate 
of  aii^yl,  l)oth  hy  the  determination  of  its  boiling-point  and  bj  the  analysis 
of  the  [)laliii mil-salt. 

The  trausfuiniaLion  of  the  cyanide  of  aui>l,  like  that  ui  the  cyanide  of 
phenyl,  does  not  take  place  at  a  single  step  ;  intermediate  combiuaiious 
corresponding  to  nKthenyl<li[)lienyldiamiue  and  lo  phcMiylformaniido  are 
produced,  but  I  liave  not  yet  obtuuiud  them  in  a  state  of  purity. 
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I  Jitcn  designated  the  body  deaeribed  in  ibis  note  by  tbe  name  of  eyonidlf 
o/annfl ;  I  am  of  course  aware  tbat  tbe  aame  name  has  been  givm  to  the 
lubstance  produced  by  the  action  of  cyanide  of  potaarium  on  the  anlph- 
amylaCci ;  but  as  the  latter  compound,  in  consequence  of  its  transformation 
into  caproie  add  and  ammonia,  has  a  right  to  the  name  etqtnmiiriie,  I  have 
thought  it  desirable  to  distiuguisb,  profisionally  at  least,  the  new  prodncC 
by  the  name  of  cyanide  of  amyl* 

The  examination  of  the  cyanides  of  amy!  and  phenyl  establiihes  in  a 
positiTc  manner  the  existence  of  a  group  of  bodies  isomeric  with  the  nitriles 
derived*  from  the  ordinary  alcohob  and  phenols. 

I  hsTe  not  as  yet  pursued  more  minutely  the  study  of  the  other  terms  of 
these  groups ;  in  fact  the  field  opened  by  these  new  obserrations  presents 
questions  much  more  attractiTC,  Tbe  existence  of  the  new  homologneB  of 
hydrocyanic  acid  allow  us  to  foresee  the  formation  of  quite  another  series 
of  homologues  of  cyanogen.  These  bodies  will  be  produced  by  the  action 
of  chloroform  on  the  diamines.  Btbylene-diamine,  for  example,  will  thus 
be  transformed  into  the  dicyanide  of  ethylene ; — 

C,H,N,    +    2CHC1,    5B    C,H,N,    +  6HCI. 

Ethylene-  Chloroform.         Dicyanide  of 

diamine.  ethylene. 

I  am  now  occupied  with  the  study  of  the  action  of  chloroform  on  ethy- 
lene-diamine, and  I  propose  shortly  to  inform  the  lioyal  Society  whether 
experiment  confirms  the  predictions  uf  theory. 

Ill,  "On  aNcw  Scries  of  Bodies  lloniolop;ou.s  to  Hydrocyanic  Acid." — 
III.  By  A.W.  lIoFMANN,  LL.D.,  F.E.S.  Received  September 
7, 1867. 

The  new  cyanides  isomeric  with  the  nitrileSy  which  1  have  described  in 
two  previous  oommuuications*  are  not  formed  exclusively  by  the  action 
of  chloroform  on  the  primary  monamines.  On  perusing  the  papers  de> 
scrihiug  the  examination  of  the  organic  cyanides,  we  see  at  a  glimoe  that 
the  chemists  who  investigated  them  have  had  in  their  hands  at  the  same 
time  the  isomeric  cyanides  with  which  I  am  engaged. 

In  h/st  everyone  who  has  distilled  mixtures  of  sulphomethylate,  sulph- 
ethy]ate>  or  sulphamylate  of  potassium  with  the  cyanide  of  the  same 
metal,  will  remember  the  repulsive  odour  possessed  by  the  products  so  ob- 
tained. This  odour  only  disappears  in  proportion  as  the  product  is  puri* 
fieda  and  especially  after  its  treatment  with  acid,  in  order  to  remove  the 
ammonia,  and  with  oxide  of  mercury  to  separate  the  hydrocyanic  add* 

Dumas,  Malaguti,  and  Le  Blanc,  in  their  researches  on  the  nitriles,  men- 
tion the  insupportable  odour  possessed  by  the  cyanides  obtained  by  the 
oyanide-of-potassium  process ;  while  the  products  obtained  by  the  dehydra- 
tion of  the  ammoniacal  salts  by  means  of  phosphoric  anhydride  have  a  very 
agreeable  aromatic  odour. 
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III  fi  research  made  by  Mr.  Buckroii  an  l  niy^rlfiju  the  transformations 
of  the  aiiiidt'S  and  nitrilcs  under  the  uillueucc  of  suiphuric  acid,  we  re- 
peatedly had  occasion  to  prepare  acetonitrilc  (cyanide  of  methyl)  and 
propionitrile  (cyanide  of  ethyl)  by  the  distillation  of  a  sulphomethylate  or 
sulphethykte  with  cjanide  of  potassium.  In  our  paper  we  mentioii  tub- 
tUoces  of  a  formidable  odoar  which  appeared  in  Uieie  meliona,  and  va 
dewiiba  tlia  effortt  we  made  in  order  to  laolale  than.  But  at  tfaey  are  only 
formed  in  small  quantity,  we  had  to  give  up  the  attempt. 

Mr.  E.  Meyer*,  who  has  aleo  been  oceupied  with  €j9mdid  of  ethyl,  hut  who 
employed  another  method  of  preparation,  encountered  the  seme  bodies.  By 
acting  on  cyanide  of  Bilver  with  iodide  of  ethyl  in  sealed  tubes,  he  obtained, 
together  with  iodide  of  silver,  an  unstable  compound  of  ^anide  of  silver 
and  cyanide  of  ethyl ;  and  there  was  formed  in  the  same  reaction  a  liqpud 
of  an  orerwhdming  odour.  This  latter,  on  distiUation,  presented  the  cha> 
raeters  of  a  mixture  from  which  it  was  impossible  to  isoUte  a  product  with 
a  constant  boiling-point.  When  treated  with  an  acid  the  odour  disappeared, 
and  the  solution  contained  ethylamine  which  was  identified  by  the  analysis 
of  the  platinum-Bait.  These  are  certainly  the  characters  of  the  cyanides 
*  formed  by  the  action  of  chloroform  on  the  primaiy  monamines ;  and  it  can- 
not be  doubted  that  Mr.  Meyer  has  had  in  his  hands  the  ethyUterm  of  the 
series  of  (^anides  which  I  am  studying,  botb  in  the  combination  with  17a* 
aide  of  fllver  and  in  the  complex  liquid  which  accompanied  it. 

If  such  results  did  not  particularly  attract  the  attention  of  chemists* 
it  was  owmg  to  the  fact  that  the  author  failed  in  ascertainmg  the  comple- 
mentary product  of  ethylamine,  namely,  formic  add.  Mr,  Meyer,  besides, 
states  that  hb  research  remained  unfinished ;  and  thus  it  will  be  under- 
stood how  experiments  otherwise  so  carefully  carried  out  should  have  fallen 
into  an  obliTiou  from  which  neither  the  author  nor  any  other  chemist  has 
endeavoured  to  recai  them  during  the  many  years  which  have  elapsed  smoa 
their  publication. 

In  consequence  of  the  examination  of  the  bodies  produced  by  the  action 
of  chloroform  on  the  primary  monamines,  these  old  experiments  have  ac- 
quired a  new  interest ;  and  it  appeared  to  me,  for  more  than  one  reason, 
that  it  would  be  desirable  to  repeat  them,  making  use  of  the  experience 
gained  by  my  late  researches. 

For  this  purpose  I  have  iubmitted  cyanide  of  silver  to  the  action  of 
seTcral  organic  iodides. 

The  iodides  of  methyl  and  ethyl  act  \cry  slowly  on  cyanide  of  silver  at 
the  ordinary  temperature ;  bat  the  reaction  takes  pUce  at  the  temperature 
of  boiling  water. 

After  a  digestion  of  about  ten  hours,  tlic  transformation  is  complete  ;  a 
brown  solid  matter  is  formed,  having  the  appearance  of  prtrficyanoejen,  to- 
gether with  a  yellowish  oily  layer  possessing  iu  a  marked  manner  the  odour 
of  the  isomers  of  the  nitriles. 

»  Jonnud  fiir  praktiBobe  Cb«i»t<^  voi.lsvii.  p  147. 


ijiyiiized  by  Google 


152  Dr.  Ilofmann  on  a  New  Series  of  Bodies  [Recess, 

At  ierenl  prelimioaiy  experiments  gave  mdications  of  a  rather  oom* 
plicated  reaction*  and  as  it  would  have  been  difficult  for  me  readily  to 
obtain  sufficient  substance  by  operating  in  sealed  tubes,  I  performed  the 
experiment  in  the  amylic  series*  supposing  that  the  higher  boiling-pobt 
of  the  iodide  of  amyl  would  render  it  more  easy  ni  attack.  Hy  expectatioa 
was  indeed  fulfilled :  two  molecules  of  cyanide  of  silver  and  one  molecule 
of  iodide  of  amyl  act  on  one  another  with  extreme  violence  at  the  boiling* 
point  of  the  latter.  It  is  convenient  to  operate  on  a  moderate  scale*  so  as 
to  be  carefully  protected  from  the  escaping  gasee*  which  consist  of  equal 
volumes  of  amylene  and  hydrocyanic  acid*  mixed  with  a  small  quantity  of  the 
^anide  of  amyl. 

The  experiment  was  made  in  a  retort  adapted  to  the  lower  end  of  a 
condenser*  the  upper  end  of  which  was  connected  with  a  series  of  wash- 
iug-bottles.  In  the  first  a  small  quantity  of  cyanide  of  amyl  wag  con* 
densedj  the  second  contained  water  intended  to  absorb  the  hydro^anic 
acid;  the  third  one  water  and  bromine  in  order  to  transform  the  amylene 
into  bromide*  of  which  I  was  thus  enabled  to  collect  a  considerable 
quantity  during  my  researches. 

After  an  hour's  digestion*  the  reaction  is  finished*  and  the  residue  in ' 
the  retort  consists  of  a  dark  viscous  mass*  becoming  slmost  solid  on  cool* 
ing ;  this  is  a  mixture  of  iodide  of  silver  and  a  combination  of  cyanide  of 
silver  and  cyanide  of  amyl.    The  reaction  then  takes  place  according  to 
the  equation * 

C,U,,l    +    2AgCX    =s    Agl    +    AgCN,  C,  ex. 

^  ,   ^  V  '  <  ■  M  • 

Iodide  of  amyl.  Cyanide  of  til? er.  Com  p  o  nn  d  o  f  cyan  I  de  of 

silver  and  cyanide  of  amyL 

But  simultaneously  a  certain  quantity  of  ^anide  of  amyl  splits  into  amy- 
lene and  hydrocyanic  acid : — 

C,H,jCN    =    C,H„    +  CHN. 

Cyanide  of  amy].       Amylene.  Hydrocyanic 

acid. 

This  secondary  transformation  depends  principally  on  the  manner  in  wblcih 
the  operation  is  conducted ;  it  may  give  rise  to  very  great  loss  if  the  Te> 
action  be  rather  tumultuous. 

It  was  now  necessary  to  separate  the  cyanide  of  amyl  from  the  residue  in 
the  retort.  Up  to  the  present  time  I  have  found  no  other  means  of  effecting 
this  than  by  submitting  the  residue  to  dry  distillation ;  in  this  operalimi  a 
further  quantity  of  hydrocyanic  acid  and  amylene  is  disengsged*  and  a 
liquid  distils  over*  which  on  rectification  boils  between  50^  and  200^.  By 
submitting  it  to  fractional  distillation  it  was  found  that  the  first  part  still 
contained  a  quantity  of  amylene*  whilst  the  latter  products  had  become 
inodorous.  The  intermediate  portion*  rectified  several  timea^  finally-  exhi- 
bited a  constant  boiling-point  between  135^*  and  137^. 
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The  liquid  which  ditdb  at  this  tempentiin  li  perfectly  pure  cyamdte  af 
amyU  It  possesses  all  the  properties  which  I  haye  described  ia  my  pre- 
tioQs  oommiiiiieationy  and  k  ^facteriked  espedally  by  its  odotdr  and  by 
the  faeifitj  iHth  whidi,  under  the  influenoe  of  hydroehlorie  acid,  it  splits 
into  fnrmie  add  and  amylamine*  I  hate  not  yet  completely  examined  the 
pradnets  boiling  at  a  higher  temperatiirB^  bnt  everything  seems  to  show 
that  thej  consist,  partly  it  least,  of  capvonitrile. 

The  eKperiments  which  I  have  jnst  described  show*  in  a  positive  man- 
ner,  that  the  same  bodies  can  be  obtained  by  the  action  of  chloroform  on 
the  primary  monamine^  and  by  the  treatment  of  cyanide  of  sOver  with  the 
alcoholic  iodides.  In  the  latter  process  many  secondary  prodncts  are  ob- 
tained $  but  by  a  mote  complete  study  perhaps  it  may  be  modified  so  as 
to  diminish  their  quantity. 

Howerer  this  may  be»  the  study  of  the  action  of  the  alcoholic  iodides  upon 
silver-aalts  deserves  to  be  resumed  i  and  it  is  very  probable  that  in  many  oases 
it  will  be  ibnnd  that  the  bodies  so  produced  will  be  but  isomeric  with  those 
obtained  by  the  ordinary  proeeaies* 

Fo^  the  special  reaearches  in  which  1  am  engaged  at  the  present  time^  the 
observations  just  described  hsve  a  particular  interest ;  they  permit  us,  in 
fad^  to  produce  the  isomeric  cyanides  without  first  preparing  the  primary 
monamines ;  they  are  especially  important  with  reference  to  the  gmMiiation 
of  the  poly^anides.  The  polyamines,  in  fact,  are  little,  if  at  all,  known 
up  to  the  presents  whilst  the  iodides  of  methylene  and  ethylene  and  iodo^ 
form  are  easy  to  procure. 

If  I  have  not  yet  succeeded  in  preparing  a  dieyanide  of  ethylene* 
C4H4N^  isomeric  with  Mr.  Maxwell  Simpson's  cyanide,  it  is  because  I 
have  not  had  at  my  disposal  a  sufficient  quantity  of  ethylene-diamine*  I 
now  hope  to  obtain  this  body  by  submitting  cyanide  of  silver  to  the 
action  of  iodide  of  ethylene. 

In  conclusion^  X  may  be  permitted  to  announce  as  very  probable  the  ex- 
istence of  a  series  of  bodies  isomeric  with  the  sulpluM^aoides.  Already 
Mr.  Cloei  has  shown  that  the  action  of  chloride  of  cyanogen  on  ethylate  of 
potassium  gives  rise  to  the  fonimtlon  of  an  ethylic  cyanate  possessing  pro> 
perties  absolutely  different  from  those  belonging  to  the  cyanate  discovered 
by  Mr.  Wurtz.  On  comparing,  on  the  other  hand,  the  properties  of  the 
methylic  and  ethylir  snlphoryanides  with  those  of  the  sulphocyanides  of 
aUyl  and  phenyl,  \vc  can  scarcely  doubt  that  we  have  here  the  representatives 
of  two  groups  (  ntirely  different,  and  that  the  trrm*^  of  the  methylic  and 
ethylic  series,  which  correspond  to  oil  of  mustard  and  to  the  sulphocyanide 
of  phenyl,  still  remain  to  be  discoverecl.  Experiments  with  which  I  am  now 
c  ii^a^ed  will  show  whether  these  bodies  can  be  obtained  by  the  action  of  the 
iodides  of  methyl  and  ethyl  on  sulphocyanide  of  siker. 

I  must  not  conclude  this  note  without  expre«?Hi!ip^  my  thanks  to  Messrs. 
Sell  and  Pinner  for  the  hearty  cooperation  that  they  are  giving  me  in 
these  researches. 

VOL.  XVI.  II 
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IV.  Second  Supplementary  Paper  on  (he  LalculaLioii  of  iIk-  Xume- 
rical  Value  of  Eulcr's  Coiiataui. '  By  William  Shanks, 
Houghton-le- Spring,  Durham.  Communicated  by  the  Rev. 
Professor  Price,  F.R.S.    Received  August  29, 

When  fis2000,  we  have 

=8*17836  81036  10282  40957  76565  71641  69368  79354 
66740  91251  77402  20409  26320  14205  58039  78429 
87946  27554  87631  13645+ 
E»*57721  56649  01532  86060  65120  90082  40243  10421  59335 
93995  35988  05772  51046  48794  94723  80546  (last  term  is 
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Here  the  60th  decimal  pkce  in  the  valoe  of  £  is  the  same  when  n  is  200O 

as  it  is  when  n  is  1000. 

When  fi«B500,  we  ha?e  in  the  value  of     60th  \  ^  ^ou^;;  lu^:-"  e 
decimal  and  onwards  /  ^  ^^^^^ 

1000,  „         M  2  02455  61942  ftc. 

,»      2000,  »         »         ,t  3  51046  48794  ftc. 

By  snhtiacting  the  first  of  these  three  from  the!      Awnn  ^io^z- 

second.whave  /     ^^-'^^^  ^'^^^'^ 

By  sobtracting  the  second  from  the  third,  we  have     48590  86852 

It  is  somewhat  remarkable  that  these  dilferenoes  are  the  same  to  fife- 
places  of  decimals ;  and  it  may  be  obsenred  that  the  valne  of  B  will  pro- 
bably be  changed  and  extended  very  slowly  indeed  by  employing  higher 
values  of  The  remark  in  the  previous  Supplementary  Paper*,  as  to  » 
being  50000  or  even  100000  in  order  to  obtain  probably  about  100  places 
of  decimals  in  £,  seems,  the  author  now  thinks,  to  be  not  well  founded ; 
and  he  hesitates  even  to  conjecture  what  number  of  terms  of  the  Harmonic 
Progression  should  be  "  summed'*  to  ensure  accuracy  in  the  valae  of  S  to 
100  decimals. 

*  Proeeedtagt,  vol.  tw.  p.  429. 
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November  21,  1867. 
Lieiit.*General  SABINE,  President,  in  tlie  Chair. 

Ill  |>uri5iini)fO  of  tlie  Statutes,  notice  wfts  given  from  the  Chair  of  the 
ensuing  Amiiversiiry  Mictiii^',  fiiul  the  list  of  Oiticers  uud  Council  pro|iusecl 
for  election  was  rend  as  fuilovvs  :— 

l^retident, — LieuL-General  Edward  Sabine,  U.A.,  D.C.L.,  LL.D. 

2V««»rer.^William  Alleo  Miller,  M.D.,  LL.D. 

«      .    .        J  William  Sliarpev,  M.D.,  LL.D. 

^tfcmartw.—  I Q^^^  GabrierStokea.  Eaq.,  M.A.,  D.C.L..  LL.D. 

Foreign  SecKetary^^Viot,  William  Hallows  BliUer,  M.A.,  LIi.D. 

(Hher  Hemhere  the  CouneiL — Frederick  Aogastos  Abel,  E^sq. ; 
'William  BenjamtD  Carpenter,  M.D. ;  Prof.  A.  Cayley,  LL.D. ;  Jacob 
Lockbarl  Clarke,  Esq. ;  John  Enms,  Esq. ;  Capt.  Douglas  Galton,  C.B. ; 
John  Peter  Gassbt,  Esq. ;  John  Hall  Gladstone^  Esq.,  Ph.D. ;  Sir  Row- 
land Hill,  K.C.B.,  D.C.L.;  William  Huggins,  Esq.;  Thomas  Henry 
Hnzlej,  Esq.,  Ph.D.  $  Ptof.  John  Phillips,  M.A.,  LL.D. ;  Prof.  Andrew 
Crombie  Ramsay,  LL.D. ;  Colonel  William  James  Smythe,  B* A. ;  Lieut.* 
Col.  Aleiander  Strange ;  Thomas  Thomson,  M.D. 

Tlie  Presitlent  stated  that  CoKhu-I  Juhu  Lc  Couteur,  who  bv  reason  of 
iion-paymcut  of  his  auuuaL  contribution  ceased  to  be  a  Fellow  of  the  So- 
ciety at  the  last  Anniversary,  had  applied  fur  rtadmission  ;  and  an  extract 
from  his  letter  to  the  Council  was  read,  explaining  the  circumstances  under 
which,  during  his  absence  on  the  Continent,  the  omission  of  payment  had 
taken  place.  Notice  was  accordingly  given  that  the  question  of  Colonel 
Le  Conteur*s  readmission  would  be  put  to  the  ballot  at  the  next  meeting. 

Mr.  GhMsiot,  Mr.  Gwyn  Jeffreys,  Sir  John  Lubbock,  Mr,  Rennie,  and 
Mr.  Sarory,  haTing  been  nominated  by  the  President,  were  elected  by 
ballot  Auditors  of  the  Treasurer's  Accounts  on  the  part  of  the  Society. 

Mr.  W.  Boyd  Dawkins  was  admitted  into  the  Society. 

The  following  commnnications  were  read : — 

I.  ''On  a  New  Class  of  Bodies  Homologous  to  Hydrocyanic  Acid.'' 
I.— By  A.  W.  HovMANN,  F.R.S.  Received  August  20,  1867. 
(See  page  144.) 

IL  "  On  a  New  Series  of  Bodies  Homologous  to  Hydrocyanic  Acid." 
— II.  By  A.  W.  HorHANN,  IjL.D.,  F.B.S.  Received  August 
31^1867.  (Seepage  148.) 

III.- — "On  a  New  Series  of  Bodies  Homologous  to  TTydroeyanic 
Acid."— lil.  By  A.  W.  Hokmann,  LL.D.,  I'.tt.S. '  Received 
September?^  1867.  (See  page  150.) 
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IV.  — "Second  Supplementary  Paper  on  the  Calculation  of  the 

Numerical  Value  of  Euler^s  Constant,"  By  William  Shanks, 
HoughtOD«-le-Spring,  Durham.  Communicated  by  the  Htn .  Pro- 
fessor Feice.    Received  August  29, 1867.  (See  page  154.) 

V,  **  Addition  to  Memoir  on  the  Resultant  of  a  System  of  TwoEqua- 

tious."    By  A.  Cavley.    Received  August  6,  1867. 

(Abstmet.) 

The  elimination  tables  in  the  memoir  ob  the  Resnltani  of  a  System  of 
two  Equations  (Phil.  Trans.  1857,  pp.  70^-715),  reUte  to  equations  of  the 
form  (<i>  6  .. 2/)''=0,  without  numerical  coefficients;  but  it  is.  I 
thinks  desirable  to  give  the  corresponding  tables  for  equatsons  in  the  form 
(a,  ^..^-r,  i/)'"=0,  with  numericsl  coefficients,  which  is  the  standard 
form  in  quantics.  The  transformation  can  of  course  be  effected  wHhoot 
difficulty,  and  the  results  are  as  here  given.  It  is  easy  to  see  d  priori  that 
the  sum  of  the  numerical  coefficients  in  each  table  ought  to  Tenish ;  these 
sums  do  in  fact  vanish,  and  we  have  thus  a  verification  as  well  of  the  tables 
of  the  present  addition  as  of  the  tables  of  the  original  memoir,  by  means 
wherec^  the  present  tables  were  calculated. 

YI.     Contributiona  to  the  History  of  Methylie  Aldehyde.''  By 

A.  W.  HoFMANN,  LL.D.,  F.R.S.    Received  September  30,  1867. 

"The  aldehyde  of  the  metlivl -series  is  not  known  ;  "  ail  the  chemical 
maiumls  say  so,  and  for  the  last  twenty  years  my  students  have  been  duly 
informed  thereof.  It  will  scarcely  appear  strange  that  more  efTorts  to  be- 
come acquainted  with  that  body  should  not  hnve  been  made,  since  the 
maf?torly  picture  which  Liebig  has  delineated  of  tlie  aldehyde  piir  excellence 
em Ij raced  as  it  were  the  history  of  the  whole  class,  and  of  course  also  of 
the  aldehyde  in  question.  Nevcrtlieless  methylie  aldehyde  deserves  our 
consideration  for  more  than  one  reason.  As  one  of  the  simplest  tcnns  of 
the  monocarhon-scries,  occupying  a  position  intermediato  bet  wccii  marsh- 
cas  and  cnrbonic  nvv\,  as  a  link  of  transition  connecting  nut  hylic  alcohol 
aud  formic  acid,  as  either  aldehyde  or  acetone,  according  to  tiie  point  of 
view  from  which  wp  look  upon  it,  the  compound  CII^O  illustrates  a 
greater  variety  of  relations  than  any  one  of  the  higlu  r  aldehydes.  But  in 
addition  to  the  interest  with  which  the  methyl-compound  thus  nlways 
been  invested,  this  substance  possesses  special  claims  \i])oa  our  atteoLioii  at 
the  present  moment.  Our  actual  method  of  treating  organic  che mistry  tor 
the  purpose?  of  instruction  almost  involves  the  necessity  of  starting  from 
the  mcthvl-scries.  The  simplest  of  aldehydes  thus  acquires  quite  ati  espe- 
cial importance,  and  all  those  wlio,  like  the  author  of  this  note,  are  engaged 
in  teachiuLT,  cannot  fail  to  have  sadly  missed  a  compound  which  ia  the  car- 
rier of  such  varied  aiul  interesting  considerations. 

The  desire  which  I  have  frequently  felt  in  my  lectures  of  devi  Injdns:  the 
idea  of  the  genus  aldehyde,  when  speaking Aof  the  methyl-compouud&y  has 
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more  than  once  indnoed  me  to  attempt  thepieparatiimof  methyl-aldehjde, 
bat  it  wai  only  it  the  cmiciiiiioii  of  my  last  summer  course  that  I  succeeded* 
to  a  oertam  eitent  at  all  evenlay  in  tttaining  the  object  of  my  wishes. 

A  substance  possessing  the  composition  and  the  properties  of  methylic 
aldehyde  is  formed  with  surprising  facility  if  a  current  of  atmoapherio  air, 
charged  with  the  vapour  of  methylic  aktohol,  be  directed  upon  an  iocan- 
desecnt  platinum  spiral. 

The  bottom  of  a  strong  three-necked  bottle^  of  two  litres'  capacity,  ia 
covered  to  the  height  of  about  fife  centimetres  with  moderately  warm  me- 
thylic alcohol.  The  first  neck  is  provided  with  a  tube  descending  to  the 
very  sar&oe  of  the  liquid ;  into  the  second  is  fixed  a  loosely-fitting  cork, 
which  carries  the  platinum  spiral ;  the  third  one,  lastly,  communicates  with 
the  upper  end  of  a  condenser,  the  lower  end  of  which  is  fastened  into  a  two- 
necked  receiver.  This  receiver  is  in  its  turn  connected  with  a  series  of  wash- 
bottles,  nnd  tlie  last  of  these  comimmicates  with  a  ^atcr-jct  aspirator,  by 
which  a  current  of  air  can  be  sucked  through  the  whole  systern. 

The  apparatus  beinp;  (]is|)nsfd  in  this  ukiuirt,  the  platinum  spiral  if 
heated  to  redness  and  introduced  into  the  three-necked  bottle.  After  a 
few  minutes  theflameless  combustion  of  the  methyl-alcohol  begins  to  mani- 
fest its£  It'  by  the  evolution  of  a  vaponr  powerfully  affecting  the  nose  and 
eyes.  Gradually  the  temperature  of  tiie  apparatus  rises,  and  soon  droplets 
of  a  colourless  liquid  are  condensed  in  the  receiver.  The  formation  of 
methyl-aldehvde  is  now  fairly  proceeding,  and  if  the  current  of  nir  be 
appropriately  adjusted,  the  platinum  spiral  remains  incandescent  for  hours 
and  even  for  days.  There  is  no  difiiculty  in  collecting  from  50  to  100 
grammes  of  a  liquid  rather  rich  in  methyl-aldehyde. 

Instead  of  establishing  the  current  of  air  by  a  water-jet  aspirator,  a  pair 
of  bellows  may  he  coaveiiieuily  employed.  I  have  often  used  with  advan- 
tage the  bellows  of  an  ordinary  glass-blowing  table.  This  mode  of  pro- 
ceeding is  more  particularly  adapted  to  the  requirements  itf  the  ketarar, 
who  is  thus  enabled,  by  simply  accelerating  the  movement  of  the  foot,  to 
enliven  the  combustion,  to  at  to  keep  the  whole  ipiral  m  a  state  of  inein- 
dfseeneew  Bj  thne  proceeding  it  happens^  however,  occaaaooaUj  that  the 
gaaeooi  miztave  m  tiie  three-necked  bottle  is  fired ;  hut  these  explosions 
aie  perlbetly  harmless,  the  whole  effect  bemg  the  forcible  ^eetioa  of  the 
loosslf-fltting  cork  which  carries  the  platintui  spuaL 

The  liquid  which  is  being  collected  in  the  recover  has  sH  the  properties 
which  theoiy  assigns  to  the  aldehyde  of  the  methylenes,  or,  more  properly 
■peakii^  to  its  methyl-alcoholic  aolntion*  When  rendered  slightly  alkaline 
fay  a  few  dropa  of  umirv*"",  and  mixed  with  nitrate  of  silver,  it  yields,  on 
gently  winning,  a  silver  minor  of  irreproachable  peifectbn,  which  is  in- 
deed more  readily  and  more  certainly  produced  than  with  the  aldehyde 
of  the  ethyl-series.  The  reduction  in  this  case  is  the  r^olt  of  two  conse- 
cutive reactions  ;  in  the  first  stage  the  aldehyde  yields  formic  add,  which 
in  the  second  stage  is  conferted  into  water  ud  carbonic  add. 
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On  heating  the  methyl-alcoholic  solution  of  the  aldehyde  with  a  few 
drops  of  a  fixed  alkali,  the  liquid  hecomes  turbid  on  ebullition,  actjuires  a 
yellowish  coloration,  and  aoou  deposits  droplets  of  w  brownish  oil,  poiiseM- 
iug  in  the  highest  degree  the  peculiar  odour  of  etilyUaldchyiK-rcsin. 

After  the  observation  which  I  have  mentioned,  it  was  scaictly  •luul.tfal 
that  the  product  of  the  slow  combustion  of  metliylic  alcohol  contained  the 
aldehyde  of  this  alcohol  in  considcrnble  proporliou.    Nevertliek-.NS  it  ap- 
peared necessary  to  fix  the  nature  of  this  compound  by  some  numbers. 
The  coniinencement  of  the  vacations  being  at  band,  there  was  but  little 
hope  of  preparing  the  liquid  in  suifu-ient  quantity  for  the  purpose  of 
obtaining  the  aldehyde,  which  will  jirobably  be  found  to  be  either  ga«efnH 
at  tlie  common  temjiorature  or  extremely  volatile,  in  a  state  of  purity  lor 
analysis.   Under  these  circumstances  I  have  been  coni])pllf<l  to  limit  mysplf 
to  ilie  prcj)aration  of  an  easily  accessible  derivative  ot  methyl-ablrliyile 
possessing  a  cliarartcri'^tic  composition,  and  the  analysis  of  which  >\(  idd 
not  be  less  conclusive  than  that  of  tlic  aldehyde  itself.    The  slight  solubility 
and  the  powerfully  crystalline  tendencies  of  the  snlphaldehyde  of  the  ethyl 
ierics  coukl  not  fail  to  indicate  the  direction  in  which  I  had  a  right  to  hope 
that  the  o!)jcct  which  I  was  aiming  at  mi;j;ht  be  acconipli^lud. 

If  a  current  of  snlphnretted  hydrogen  be  passed  tlirongh  the  niethyl-nleo- 
holic  solution  of  methyl-aldehyde,  tlie  litjuid  becomes  turbid  atler  a  tc«r 
minutes,  and  fm  allowing  the  saturated  solution  to  stand  for  some  hours, 
a  body  of  ;  ;i lliai'eons  odonr  l)e::ir)S  to  be  separated  at  the  l)ottoni  ot  tlie 
flask.  If  tiie  liquid  be  now  mixed  with  half  its  volume  of  concentrated 
hydrochloric  acid,  and  heated  to  ebullition,  it  becomes  limpid,  and  solidi- 
fies on  cooling  into  a  mass  of  felted  needles  of  dazzling  whiteness.  These 
needles  fuseat2!<S^;  tliev  arc  volatile  without  decomposition.  Slisjhtly 
soluble  in  water,  thev  are  more  rcadilv  dissolved  bv  alcohol,  and  still  n)nre 
so  by  ether.  For  the  pnrpose  of  analyH«  flicy  were  recrystallized  from 
boiling  water,  in  order  to  exclude  free  snl;  liur,  witli  which  they  miirht  have 
possibly  been  contaminated.  The  imuiliers  obtained  in  the  aualysi?.  ot 
the  crystals  unmistakeablv  establish  tin  ir  nature.    The  white  ervstals,  as 

•  •  • 

might  iiave  been  expected,  have  the  composition  of  the  sulphaldebyde  of 
the  methyl-series,  CU^S. 

The  analysis  of  the  sulphar-oompoimd  fixes,  of  course,  the  presence  of 
the  corresponding  oxygen  eomponnd  among  the  products  of  the  slow  com- 
bustion of  methylic  alcohol. 

A  more  minute  examination  of  methylic  aldehyde  and  its  derivatives 
remains  still  to  be  made.  It  will  be  absolutely  necessary  to  isolate  liie 
oxygen-term  and  to  determine  its  Tapour-density,  in  order  to  ascertain  its 
molecular  weight.  If  we  remember  the  facility  with  which  the  aldehydes 
are  polimerized,  the  question  presents  itself,  whether  the  aldehyde  formal 
by  the  slow  combustion  of  metin  lie  alcohol  is  represented  by  the  formula 

ClI^O, 

or  a  multiple  thereof.   A  similar  remark  applies  to  the  sulphar.derivative. 
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it  deserves,  moreoTer,  to  be  mciifioned  that  a  compound  isomeric  with 
metlivlic  aldehyde,  the  dioxymethylene  (CjII^O,)  of  M.  BoutleroWt  U 
kuowQ  already ;  also  that  a  sulphiir-coni pound  of  the  formula 

CH,  S 

has  been  obtained  by  M.  Aim^  Girard,  wlio  observed  that  bisulphide  of 
carbon  is  reduced  by  the  action  of  nasceot  hydrogen  with  disengagement 
of  sul])huretted  hydrogen. 

In  the  course  of  next  winter  I  propose  to  perform  some  furtlitr  experi- 
ments on  the  prod  net  of  the  slow  combustion  of  methylic  alcohol  for  the 
purpose,  if  possible,  of  isolating  methylic  aldehyde  in  a  state  of  purity,  and 
of  thus  completing  this  inquiry. 

VII,  "On  the  New  Reflecting  Telesco])e  to  be  used  at  Milbounie, 
Australia."  In  a  Letter  to  the  i'lLsitlent.  liy  the  llev,  Dr, 
lioBi.NsoN,  F.ll.S.    ilcccivcd  October  15,  1867. 

Obiermtoiy,  Armagh,  October  14^  1067. 
My  muLK  FkiKNO, — ^As  jovt  express  a  wish  to  know  my  recent  impres- 
nons  respecting  the  great  telescope,  I  can  say  that  they  are  very  satblac- 
tory.  When  I  saw  it  six  weeks  ago  the  first  of  the  two  great  specuhi  was 
just  polished  $  and  though  the  essential  parts  of  the  equatoreal  were  m 
position,  and  one  could  estimate  the  facility  with  which  it  could  be  managed, 
the  optical  part  of  the  telescope  remained  incomplete.  Now,  I  found  the 
great  and  small  specula  in  their  places,  a  finder  of  four  inches  aperture  at* 
tacbed,  the  circles  divided,  and  the  clock  for  driving  the  telescope  en- 
shrined in  the  pier.  One  thing  was  wanting,  weather  fit 'for  trying  its 
power ;  and  during  eighteen  nights  there  was  only  one  of  even  middling 
goodness.  That,  howcTcr,  was  sufficient  to  prove  that  the  instrument  is 
thoroughly  up  to  its  intended  work.  I  examined  several  nebulse  and 
clusters,  with  whose  appearance  in  Lord  Rosse's  six-feet  reflector  I  am 
familiar,  and  the  difference  was  far  less  than  I  expected.  I  nuiy  specify 
among  them  51  Messier,  whose  spirals  were  seen  on  strong  aurora,  and  the 
nebuln  in  Aquarius,  with  its  appendages  like  the  ring  of  Saturn.  Its  defi* 
nition  of  stars  is  very  good  :  a  Lvree  had  as  small  and  sharp  an  image  as  I 
ever  snw  on  such  a  night ;  and  a  few  pretty  close  double  stars  were  well 
and  clearly  separated.  Fart  of  this  is  probably  due  to  the  lattice-tube, 
which  permits  the  escape  of  heated  air,  hut  more  to  the  figure  of  the  spe- 
culum, which  is  truly  parabolic.  The  peculiar  nature  of  the  mounting 
brings  the  circles  completely  within  reach  of  the  observer's  assistant;  and 
the  mechanical  appliances  for  the  motions  in  right  ascension  and  puiar 
distance  are  so  perfect,  that  we  set  the  instrument  on  tlie  fiiint  objects  which 
we  were  examining;  with  ^reat  faeilify  and  rapidity.  One  man  can  reverse 
the  telescope  in  a  minute  and  a  quarter  ;  the  (|uick  moiioii  in  T»olar  distance 
is  of  course  iar  easier,  and  the  slow  one  acts  more  hke  the  tangent  screw  of 


Digitized  by  Google 


160        Rev.  Dr.  Bobinaon  on  the  Melbourne  Teleaeope*   [N<rr.  SI, 


a  circle  tiian  the  mover  of  such  a  huge  mass.  The  clock  is  rather  gigantic, 
but  does  its  work  with  great  precision,  the  objects  which  I  examined  re- 
maining steady  on  the  wire  as  long  as^I  watched  them ;  and  there  is  an 
ingenionfi  find  new  contrivance  for  suiting  its  speed  to  planets  or  the  moon. 
There  remain  but  a  few  matters  to  be  completed  ;  the  second  great  specu- 
lum is  nearly  polished,  the  glass  small  one  is  ready  ;  the  micrometer  and 
observiug-chair  are  not  commenced,  nor  the  pliotograj)hic  apparatus  and 
spectroscope.  These  two  last  are  no  part  of  Mr.  Grubb's  contract;  but 
the  Committee  thought  themselves  justified  by  the  corrcspondeiur  m  order- 
ins^  them,  as  their  cost  is  small,  and  they  will  add  greatly  to  the  utility  of 
the  telescope.  In  the  fine  sky  of  Melbourne  it  will,  I  trust,  yield  spectro- 
scopic results  Fmrpassins"  anv  tlint  hnvc  as  vet  been  obtained*.  That  it 
will  realize  fully  the  exju'ctntiou^  of  the  peoj>le  who^c  oiiliglitcucd  hberality 
has  ordcrod  its  construction  I  ;un  (juite  cert;iin  ;  hut  1  am  uol  so  rertaiii 
that  it  will  retain  its  present  jjcrtVchon  ?rn/  Ioivl'  i(' exposed  without  some 
shelter.  It  is  true  that  Mr.  Cooper's  great  achromatic  has  stood  exposed 
to  the  rain  and  wind  of  Connatiirht  for  more  than  thirty  years,  and  is  still 
serviceable;  but  besides  its  inferior  size  it  is  of  coarser  workmanship,  and 
is  provided  with  fewer  of  those  beautiful  contrivances  which  in  this  instni- 
mcnt  make  its  movements  so  easy.  At  jMelbourne  the  r<Tjn  of  Marktce  is 
not  to  be  feared  ;  but  if  one  niav  judge  from  its  position  on  the  verge  of  a 
great  continent,  and  from  the  analogy  of  India  and  the  Cape,  another  enemy 
is  to  be  dreaded,  the  tiiie  dust  which  winds  from  the  interior  will  probably 
brin^.  This  would  find  its  way  into  all  the  bearini^s,  and  besides  clogging 
their  action  would  grind  tlu  m  out  of  truth.  The  daii!:i;er  of  this  induces 
rae,  after  careful  discussion  with  Messrs.  Le  Sncur  and  the  two  Grubbs,  to 
lay  bci'ore  you  my  views,  which  (if  you  think  them  spuud)  yoM  may  hold 
it  advisable  to  mention  to  the  authorities  of  Victoria. 

Three  modes  occur  to  me  of  covering  the  telescope.  In  any  case  it  must 
be  surrounded  by  a  wall,  for  the  comfort  of  the  observer  and  to  prevent  in- 
trusion. This  wall  may  suj)port  a  moveable  covering  of  such  a  kiud  as  to 
let  the  instrument  be  pointed  to  every  part  of  the  «ky. 

The  moat  usual  form  of  this  covering  is  a  dome  running  on  a  circular 
railway,  and  with  an  opening  or  cha^e  on  one  aide  reaching  from  its  base 
to  its  summit,  and  closed  by  a  shdnig  shutter.  The  disadvatitnges  of  this 
plan  are,  that  the  performance  of  the  telescope  is  somewhat  injured  by  cur- 
rents of  warm  air  rising  through  tlic  chase,  and  that  it  is  much  heavier  and 
more  costly  than  either  of  the  others.  In  tlna  instance  its  diameter  couid 
not  be  less  than  56  feet ;  and  though  that  magnitude  is  not  beyond  the 
resources  of  an  accomplished  engineer,  yet  it  is  not  one  to  be  encountered 
without  the  prospect  of  some  adetpuite  advantage.  The  largest  dome  which 
I  know  (Sir  James  South's,  of  36  feet  diameter)  is  a  total  tViihire  ;  but  this 
does  not  wcijjh  much  with  me — for,  though  planned  by  the  celebrated 
Brunei,  it  transgresses  against  the  elements  of  mechanical  science. 
*  I  said  a  photograin  of  iho  inatrumcnl  taken  last  weeL 
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A  mnch  simpler  plan  is  the  sliding  roof.  In  this  case  the  nails  are  reo* 
tangular,  eneloiiiig  a  apaee  nther  broader  than  the  instrument,  and  about 

three  times  as  long.  The  longer  ndes  carry  two  rails,  on  which  runs  a 
kind  of  house  long  enough  to  cover  the  instrument  and  pier,  and  high 
enough  to  clear  the  latter.  That  end  which  at  Melbourne  will  be  its  north 
is  dosed  bj  doors,  which  are  opened  at  the  time  of  observation,  and  the 
roof  is  wheeled  away,  leaving  all  iu  the  open  air.  It  will  be  the  cheapest 
and  least  bulky  of  the  three.  Its  defects  are,  that  the  open  end  presents 
6ome  engineering  difficulty,  that  the  roof  will  hide  about  1 2°  under  the 
pole,  and  that  the  whole  machinery  is  eiposed  to  any  dust  that  may  be 
stirring  during  the  hours  of  observing. 

That  which  appears  the  best  is  the  revolving  roof.  Its  vertical  part  is 
a  prism  of  sixteen  sides,  six  feet  high,  springing  from  a  ring  of  cast  iron* 
which  revolves  by  rollers  on  a  curcular  rail  borne  by  the  wall.  The  top  is 
nearly  6at,  with  a  chase  large  enough  to  let  the  telescope  work  iredy, 
which  can  be  eoTered  by  sliding  shutters.  The  tube,  when  in  use,  would 
project  through  the  chase,  and  be  essentially  in  free  air,  at  other  times 
oould  be  lowered  and  completely  sheltered ;  while  the  other  parts  would 
be  as  well  protected  as  under  a  dome.  In  this  case  the  internal  diameter 
should  be  about  46  feet,  with  a  chnsc  16  feet  wide.  These  dimensions  would 
give  complete  command  of  the  heavens,  and  such  a  roof  would  give  less 
hold  to  a  high  wind  than  either  of  the  others.  I  enclose  a  rough  sketch 
of  its  framing.  The  panels  and  the  three  girders  at  the  top  to  be  of  angle- 
iron,  light  but  strongs  and  these  covered  with  tin  plate.  If  it  were  adopted, 
I  suppose  the  frame  would  be  made  here,  sent  out  in  pieces,  and  put  to- 
gether and  covered  on  its  arrival.  The  weight  would  be  about  5  tons. 
As  to  its  cost,  no  estimate  can  be  given,  as  labour  costs  more  at  Mdboume 
than  with  us ;  but  in  Ireland  it  would  be  about  ^1200. 

I  will  conclude  this  long  letter  by  telling  you  how  much  I  am  satisfied 
with  our  selection  of  the  astronomer  who  is  to  work  this  glorious  instru- 
ment. He  b  not  a  mere  mathematician  ;  such  a  one  might  be  very  help- 
less when  he  came  to  the  practical  details  of  observing,  but  he  is  tho- 
roughly versed  in  its  optical  and  mechanical  requirements,  and  in  the  daily 
work  of  an  observatory.  For  this  last  he  has  been  trained  by  Professor 
Adams  during  the  past  year  ;  one  of  the  Committee,  Mr.  "SVarrcn  De  la 
Rue,  the  first  of  celestial  photographers,  has  instructed  him  in  the  mys- 
tenes  of  that  surprising  art ;  and  for  the  last  three  months  he  has  been 
constantly  in  Mr.  Grubb's  works,  studying  all  the  mechanism  of  the  tele- 
scope (of  which  I  see  he  haR  ac«[nirefl  full  command),  nnd  takiug  an  active 
part  in  the  polishing  of  the  great  specula.  He  set  nis  tally  to  understand 
this  most  delicnte  process  ;  and  it  is  my  opinion  that,  if  repolishiog  becomes 
necessary,  he  is  fully  conipetent  to  do  it  successfully. 

I  may  therefore  congratulate  yon  in  full  hope  on  the  inestimable  harvest 
of  discoveiy  and  triumph  which  will  s(  on  crown  this  magnificent  enter- 
prise. Yours  ever, 

(Signed)       T.  K.  iioJiiM«»0N. 
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YIII.  "  Copy  of  a  Despatch  addressed  to  lier  Majesty's  Secretary  of 
State  for  Foreign  Affairs  by  the  BritUh  Consul  nt  Canea,  Crete, 
giving  an  account  of  an  Earthqunkc  which  took  place  in  that 
Island/'  Communicated  by  the  Lord  Stanley^  F.R.S.  Received 
October  17,  1867.  Crete,  September  23, 1807. 

My  Lokd, — I  have  the  honour  to  acquaint  your  I^ordship  that  two 
■hocks  of  earthquake  were  felt  here  at  5}  on  the  afternoon  of  the  1 9th 
instant,  and  again  on  the  following  morning,  after  an  interval  of  twelve 
hours.  The  latter  shock  was  severe,  and  lasted  about  ten  seoonds.  The 
oscillations  were  horisontal,  and  appeared  to  proceed  from  east  to  west. 
Several  houses  have  been  cracked  and  otherwise  damaged,  and  one  of  the 
old  Venetian  galley-arches  fell  sideways  in  a  block,  killing  a  Turkish  sentry 
and  a  hospital  attendant.  A  remarkable  phenomenon  occurred  that  morn- 
ing soon  after  the  earthquake.  The  sea  receded  at  the  rate  of  about  ten 
inches  per  minute,  until,  attaining  a  maximum  depression  of  some  four  feet, 
it  gradually  rose  again  above  its  former  level.  The  water  in  the  wells  waa 
affected  in  the  same  degree,  and  on  rising  it  became  much  agitated.  At 
5j  A.M.  the  sea-water  was  tepid,  with  a  temperature  of  87^  (Fahr.),  being 
equal  to  that  df  the  air. 

The  morning  was  unusually  still  and  sultry,  and  it  was  not  until  the 
afternoon  that  the  sea  subsided  into  its  normal  condition,  tempered  by  a 
cool  northerly  breese.  A  strong  eddy  had  set  in,  causing  much  damage  to 
shipping,  several  of  the  smaller  craft  parting  their  cables  and  coming  into 
collision  with  each  other.  'With  reference  to  the  state  of  the  sea,  it  is 
worthy  of  note  that  the  copper-bottom  of  Her  Majesty's  Ship  '  Wizard,' 
how  in  this  port,  became  suddenly  clean  and  bright. 

Many  of  the  town  inhabitants  have  fled  to  the  country,  and  the  Gene- 
ralissimo, with  His  Highness's  staff,  has  since  removed  to  the  camp  out- 
side the  town. 

Mr.  Hall,  second  master  of  Her  Majesty's  Gunboat  'Wixard,*  has 
kindly  giren  me  the  following  results  of  his  observations 

Thursday,  Sept.  19,  1867.— 5.40  p.m.  Therm.  Fahr.  Sea-water 
8d^. — ^Experienced  the  shock  of  an  earthquake,  four  seconds'  duration. 

Friday,  Sept.  20.— 5.44  a.m.  Mean  time.  Place  Chr.  Therm.  85^  to 
87^  Fahr.  Sea-water  8/^. — Experienced  a  second  shock  of  an  earthquake, 
five  seconds*  duration,  followed  by  a  series  of  violent  effluxes  and  influxea 
of  the  sea  at  intervals  of  ten  minutes. 

6.0  A.M.  Therm.  78^  Water  77°.— Bate  of  efflox  and  influx  on  per- 
pendieiUar  three  feet  in  four  minutes. 

6,45  A.M. — Duration  of  efflux  and  mfiux  six  minutes.  Rate  of  do.  six 
ininutes.   Perpendicular  two  feet  in  four  minutes. 

Noon.— Duration  of  efflux  and  influx  four  minutes. 

I  have  the  honour  to  be,  with  the  highest  respect,  my  Lord, 
Your  Lordship's  most  obedient  humble  Servant, 

(Signed)       (J.  H.DicKSOK. 
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Lient.-GeDer8l  SABINE^  President^  in  the  Chair. 

Mr.  Savory,  on  the  part  of  the  Auditors  of  the  Treasurer's  Accouuts 
appointed  hj  the  Sodety,  reported  that  the  total  receipts  during  the  past 
year,  inclnding  a  haUnce  of  iS666  U.  td,  carried  from  the  preceding  year, 
anoant  to  i64932d#. ;  and  that  the  total  expeaditnre  in  the  same  period 
amoonts  to  £443$  12f.  9 J.,  leaving  a  halaneeof  £483  1 6e«  at  the  Bankef«« 
and  of  i61 1  14e.  3d,  in  the  hands  of  the  Treaaurer. 

The  President  annonooed  that  the  Gonncfl  had  deeted  Sir  Philip 
Egerton  as  a  Trustee  of  Sir  John  Soane's  Moaenm  for  the  next  five  years. 

The  Secretary  read  the  following  Lists ; — 

Feliowi  deceased  since  the  last  Annirersaiy. 
On  the  Home  LUt, 


Major^General  John  George  Bonner. 
^William  Brmton»  M.D. 
Edward  Burton,  Esq. 
William  Cotton,  Esq.,  D.C.L. 
Walter  Cnun,  Esq. 
Colonel  Sir  George  Everest,  C.B. 
Hicbael  Faraday,  Esq.,  D.C.L., 

LL.D. 
Professor  John  Goodsir, 
William  John  II ami! ton,  Esq. 
Sir  John  Jacob  Hansler,  Knt. 
Sir  William  Snow  Harris,  Knt. 
Sir  William  Lawrence,  Bart. 
Ashburst  Majendie,  Esq. 
Commander  James  Mangles,  B.N. 

On  the  Foreign  Liet, 
Alexander  Dallas  Bache. 


John  Mercer,  Esq. 
Thomas  Bichardson,  Esq.,  M.A., 
Ph.D. 

Charles  Miloer  Bicketts,  Esq. 
William  Parsons,  Earl  of  Rosse, 

K.P.,  M.A.,  LL.1). 
James  Smith,  Esq. 
Sir  James  South,  Knt. 
Alexander  John  Sutherland,  M.D. 
Lord  Justice  Sir  George  James 

Turner,  Knt.,  D.C.L. 
Robert  Warington,  Esq. 
John,  Lord  Wrottesley,  M.A., 
D.C.L. 


Fellows  elected  since 

Lord  Chief  Justice  The  Bight  Hon. 

Sir  William  BoyUl. 
William  Baird,  M.D. 

W.  Boyd  Dawkins,  Esq. 
Baldwin  Francis  Duppn,  Ei?q. 
Ail>ert  C.  L.  G.  Guntlier,  M.D. 
Julius  TTanst,  Fsq.,  Ph.D. 
Capt.  Pio1)i  iT  Wolscley  Uaig,  R.A. 
Danici  ilanbury,  Esq. 
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tiie  last  Anniversary. 

John  Whitakcr  Hulke,  Esq. 
Edward  Hull,  Esq. 
Edward  Joseph  Lowe,  Esq. 
Jnmrs  Robert  Napier,  Esq. 
Benjamin  Ward  KiehardsDn,  M.D. 
J.  S.  Burdon  Sanderson,  M.D. 
Henry  T.  Stainton,  Esq. 
Charl^  Tomlinson,  Esq. 
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The  Freudent  then  •Jdreiacd  the  Soeielj  as  followi : — 
Gbhtlimbit* 

Tbb  year  which  has  paaaed  Bince  I  laat  addnMed  jou  haa  been  ta  ub  a 
mournfuUj  eventfiil  one.  Death  haa  taken  from  us  three  of  onr  moat  enai* 
nent  and  respected  Membera.  Two  were  my  predeceaaora  in  thia  Chair, 
for  whom,  only  a  few  montha  ago,  we  might  well  have  hoped  that  many 
years  of  meful  life  were  yet  in  atore.  In  regard  to  Ihe  third,  the  declin- 
ing health  of  Faraday  (one  of  the  greateat  names  in  onr  annala)  for  a 
conaiderahle  time  forbade  anch  hope  in  hia  ease. 

Whilat  you  deplore  with  me  the  loaaea  we  have  anstained,  you  will  he 
prepared  to  read  with  strong  interest  the  biographical  notioea  of  theae  dis- 
tinguished men>  whieh  are  very  ahortly  to  appear  in  onr  olutnary.  It  is 
well  that  I  «m  able  to  announce  that  ^ese  wiU  be  so  soon  in  your  bands, 
for  eren  the  feeble  attempt  on  my  part  to  do  justice  to  aneh  a  theme  ou 
this  occasion,  which  might  otherwiae  have  been  expected  of  me  (altogether 
inadequate  as  it  must  hsTS  been)»  would  have  occupied  the  greater  part,  if 
not  the  whole,  of  the  time  claimed  by  oar  more  ordinary  topica. 

I  paas  therefore  at  once  to  the  relation  of  the  action  taken  by  the  Boyal 
Society  in  the  promotion  of  adenee  in  the  paat  year. 

At  the  last  Anniversary  I  gave  an  account  of  the  progress  made  up  to 
that  time  in  printing  the  Catalogue  of  Scientific  Papera.  I  am  happy  now 
to  be  able  to  announce  that  the  first  volume  lies  before  us  ready  for  publi- 
cation. It  comprehends  a  portion  of  the  first  part  of  the  Catalogue,  in 
which  the  titless  are  arranged  alphabetically,  according  to  authors*  names, 
and  extends  from  A  to  Clu.  An  explanatory  Preface  and  Introduction  are 
prefixed,  aa  is  also  a  list  of  the  periodical  works  from  which  the  titles  have 
been  extracted,  with  the  abbreviations  under  which  they  are  referred  to.  I 
need  scarcely  remind  you  how  often  the  appearance  of  the  first  volume  of  a 
series  is  neceaaarily  subject  to  delays  not  incident  to  the  succeeding  volumes. 
This  has  happened  in  the  present  case ;  and  we  may  now  confidently  anti- 
cipate that  the  work  will  progress  rapidly  and  uninterruptedly.  You  are 
aware  that  the  work  ia  being  printed  at  Her  Majesty's  Stationery  Office, 
and  that  arrangementa  will  be  made^  with  the  approval  of  the  Government, 
for  distributing  a  certain  number  of  copies  as  presents  to  scientific  institu- 
tions and  other  parties,  while  the  remainder  will  be  offered  for  sale  at  such 
a  price  as  may  defiray  the  coat  of  printing. 

The  attention  of  the  President  and  Council  has  continued  to  be  much 
occupied  duriug  the  past  year  in  aiding,  at  the  request  of  Her  Majest)-'9 
Government,  in  the  reorganixatioD  of  the  meteorological  department  of  the 
Board  of  Trade,  and  in  preparing  the  preliminary  arrfliigements  of  a 
system  of  British  Land-Meteorology  to  be  carried  out  under  the  authorisa- 
tion of  that  Board. 

In  my  Anniversary  Address  of  last  year,  1  brought  before  you»  as  fuUy  as 
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the  time  at  our  command  would  permit,  the  reasons  which  had  influcnccfl 
both  the  Government  and  the  Royal  Society  in  desiring  the  estnLlishincnt 
in  this  country  of  meteorological  observatories  conducted  on  a  systematic 
plan,  and  directed  towards  the  attainment  of  a  more  perfect  knowledge  of 
the  meteorology  of  our  country  than  we  at  present  possess. 

The  scheme,  which,  at  the  instance  of  the  Board  of  Trade,  had  been  sug- 
gfited  by  the  Fmident  and  Council,  consisted  in  the  establishment  of  six 
or  WToa  oluemtaiiMr  wdl  dittribnted  over  thAifeaof  the  Britiali  Idmdii, 
fbniiahed  with  id&reoordiiig  ingtmiiiaitiB  on  the  pAttem  of  those  defited 
and  in  me  at  tho  Kew  Obiervatofy*  and  tranimitting  tbeir  iceofda  of  the 
temperatnre,  presaaie*  eleetiic  and  hygrometric  state  of  the  atmosphere, 
and  of  the  dinetion  and  force  of  the  wind  to  a  oential  office,  where  (under 
the  general  snpetintendenoe  of  a  conunittee  of  sdentilie  men)  they  should 
nndttgo  the  piooesses  of  reduction  and  eoinblnataon«  and  be  applied  to  the 
general  study  of  the  phenomena. 

The  GoTetmnent,  actingwith  due  caution,  determined  on  submitting 
this  suggestion,  as  well  as.  generally,  the  functions  of  the  meteorologjcal 
department  of  the  Board  of  Trade  as  it  had  previously  existed,  to  a  com- 
mittee of  scientific  and  practical  men  to  be  nominated  by  the  Grovenunent 
itself,  the  Royal  Society  being  invited  to  name  one  of  the  members. 

The  suggestion  to  which  I  have  adverted,  of  the  establishment  of  a 
small  number  of  meteorolog:icfll  obscrratories  supplied  with  self-recortling 
instrmiK'ntg  for  the  purpose  of  making  a  t'nl],  nccurate,  and  continuous 
record  of  meteorological  phenomena  at  certain  selected  station?,  apjicars  to 
have  received  the  unqualified  and  emphatic  approval  of  the  committee,  and 
to  have  been  viewed  by  them  as  the  most  effectual  means  of  supplying  a 
secure  and  adequate  basis  for  the  discussion  of  the  variations  of  the  weather 
in  the  British  Islands.  Self-recording  instruments  are  spoken  of  in  the 
report  as  likely  to  prove  of  eminent  local  and  iutcrnational  utility;  it  is 
anticipated  that  the  e3tablishrneut  of  observaioiies  furnished  with  them  iu 
England  may  be  expected  to  confer  a  wide  benefit,  that  they  would  give 
precision  and  fulness  to  the  charts  of  our  own  weather,  and  would  set  an 
example  that  foreign  govemmenti  would  probably  soon  follow,  and  that 
they  would  afford  material  in  a  veiy  aeoeptable  Ibrm  to  meteorologists  at 
home  and  abroad  for  the  discussion  of  weather  phenomena* 

The  Board  of  IVade^  after  reference  to  the  Admiralty  and  to  the  Trea* 
sury,  adopted  the  Beport  of  their  Committee  in  a  '*  Circular"  dated  No- 
Tember  29th»  1866 ;  and  at  the  same  time  asked  the  Royal  Society  whether 
they  would  be  willing  to  name  a  committee  of  thdr  own  members  to  give 
their  gratuitous  services  in  the  organisation  of  the  observatories  recom- 
mended, and  in  the  goieral  superintendence  of  the  Meteorolo^cal  De* 
partment. 

The  public  service  thus  requested  was  unhesitatingly  undertaken  }  and 
on  the  13th  of  December,  1866,  a  committee  was  named  of  eight  of  the 
Fellowi  of  the  Royal  Society  who  were  willing  to  devote  themselves  to 
the  onerous  and  responsible  duties  of  auch  an  undertaking.  Estimates 
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wen  ieqiiind»  and  were  Ivniished  bj  tliem*  of  the  probebU  eoet  of  tbe 
orgenisadoiii  and  of  the  annual  expense  of  Che  Obiemtorice.  In  Angoii  of 
the  preaent  jear  (1867)  the  eattmatea  were  paaied  in  the  Honaa  of  Com* 
mons ;  and  I  ha?e  now  the  aatiafaetion  of  announeing,  on  the  part  of  the 
Committee,  that  they  have  reason  to  believe  that  in  Jannaiy  1868»  being 
not  more  than  aix  months  after  the  passing  of  the  estimates.  Observa- 
tories supplied  with  self-reeording  instruments  which  have  been  prepared 
and  verified  at  Kew,  workmg  under  competent  superintendence,  and  with 
a  trained  staff  at  each  Obaervatory,  will  have  commenced  their  obaerva* 
tions  at  lUmonth*  Kew,  Btonyhursty  Annagh»  and  Glasgow,  and  that  theto 
is  ground  of  expectation  that,  in  a  month  or  tivo  later,  Valentin  and  Aber- 
deen win  be  added  to  the  list. 

The  estimates  passed  in  Ai^gnst  1867  will  have  defrayed  the  expenses  of 
oiganixation  and  maintenance  of  these  seven  Observatories  until  the  dlst 
of  March  1868  (the  dose  of  the  present  financial  year).  The  eonttiuMsios 
of  the  Observatories  must  necessarily  depend  upon  the  disposition  of 
Government  to  recommend^  and  of  the  House  of  Commons  to  supply,  the 
necessary  funds.  Tbe  Superintending  Committee  of  the  Boysl  Society  am 
prepared  for  either  alternative,  vis.  either  to  continue  their  general  snper* 
intendence,  or  to  regard  their  honourable  and  laborious  undertaking  as  Cer* 
mmated.  In  the  former  case^  it  wiU  become  theif  office  to  trace  the 
variations  of  the  weather,  as  presented  in  the  continuous  and  wdl-dlstri* 
buted  records  over  the  area  of  the  British  Islands,  viewed  in  conjunctioD 
with  the  telegrams  from  the  Ports  and  with  the  inibrmation  received  ftom 
other  countriesi  and  thus  so  to  contribute  to  a  knowledge  of  the  laws 
which  govern  those  variations  as  to  enable  meteorologists  gradually,  and  aa 
far  as  may  be  possible,  to  plaoe  the  practice  of  forecasting  the  weather  on  % 
sound  and  dependable  baris. 

The  Report  of  the  Committee  of  the  Board  of  TVade  contains  many  valu< 
able  suggestions  regarding  the  treatment  which  the  infiitmation  aoenmift- 
lated  in  tiie  office  of  the  meteorological  department  of  that  Board  rimnld 
undergo,  with  the  view  of  extractmg  Irom  It  the  information  it  is  capaUe 
of  aflbrding  on  the  meteorological  statistics  of  the  Oetan,  and  speeially  of 
the  parts  most  fteipiented  by  British  ships.  This  great  brandi  of  meteo- 
rological research,  so  eminently  befitting  a  great  maritime  and  commer* 

-  rial  nation,  was  most  prominently  urged  on  the  consideration  of  Her  Ma^ 
jesty's  Government  by  the  President  and  Council  of  the  Boyal  Society  in 
a  letter  dated  February  22, 1855 ;  and  in  the  subsequent  establishment  of 
tbe  Meteorological  Department  of  the  Board  of  Trade  it  was  recognised  as 
being  one  of  the  chief  ^notions  of  the  office  so  constituted.  The  collection 

-  of  a  very  considerable  mass  of  information,  embodied  in  the  logs  of  ships 
to  which  instruments  and  instructions  have  been  supplied,  has  been  the 
result  \  but  comparatively  little  advance  appears  to  have  been  made  in  the 
labour  of  extracting,  collating,  combining,  and  discussing  the  valuable 
materials  thus  obtsbed.  The  work,  both  of  collecting  iiirther  inibrma- 
tion, and  of  discming  and  ammgmg  for  oomttunicfition  to  the  publio  the 
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iiiibnnaiiini  ilmdj  in  tbe  oiDce  and  tlut  wliidi  naj  hmalUr  1»9  obtained, 
hu  bien  rammed  under  die  general  guperintendence  of  the  Meteorological 
Committee  of  the  Rojal  floeiety,  profiting  by  the  yaloable  auggeationa 
amtained  In  the  Report  of  the  Committee  of  the  Board  of  Trade.  Thia 
ibrma  theaeeond  ]iortion  of  the  dntiea  which  they  have  taken  upon  them- 
aehea*  A  third  portion  eooaiata  in  the  endeavonr  to  make  available  for 
the  benefit  of  marinefa  the  inCormation  which  reachea  the  office  by  tele- 
graph early  hi  the  day  aa  to  the  atate  of  the  weather  at  different  pomta  of 
the  coaat. 

A  copy  of  thia  infomadon  is  transmitted,  by  the  first  poat  after  ita 
•reoeptioD,  to  any  port  which  desirea'to  receive  it. 

If  the  anthoritics  at  any  port  require  any  spedal  telegiaphic  inteUi* 
gence,  it  is  furnished  to  them  withont  nnnecCBaary  delay,  on  their  agree- 
ing to  defray  half  the  cost  of  trantmisaon  of  the  mciiage*  and  atatipg  the 
precise  iipitnre  of  the  information  required. 

Lastly,  the  ('ommittee  are  prepared  to  convey,  free  of  cost,  telegraphic 
intelligence  of  the  existence  of  any  serious  ntniospherical  disturbance  which 
inny  hare  come  to  their  knowledge,  to  all  ports  to  which  it  appears  to 
them  that  such  intormatioa  would  be  of  importance.  Such  a  telegram 
.may  be,  ibr  example  ; — 

**  Storm  from  M'est  at  Penzance  ami  South  coast." 

On  the  receipt  of  sucli  u  message  the  local  authorities  are  expected  to 
hoist  a  drum  as  a  genern!  wamiug,  on  seeing  whicli  masters  of  vessels  or 
other  iiilere&ted  persons  may  learn  l)y  inquiry  at  the  local  office  (or  by 
other  arrangements)  the  precise  nature  of  the  information  received,  toge- 
ther with  any  additional  particulars  which  may  hare  been  tiaaamitted 
from  the  central  office* 

It  ie  clearly  nnderttood  by  all  partiea  that  any  telegraphic  message  of  a 
warning  natnre  (like  the  eiample  here  mentioned)  ia  merely  meant  to 
imply  that  ikert  U  a  Mriem  aimotpktrkat  dtUurbin^e  eMing  akmg  a 
eerMt  reffim  ^  caoft,  and  eonseguently  thmi  there  ie^  or  aia|f  be,  dvm§et 
impendmf  in  Mer  Mriete* 

Some  such  arrangement  aa  that  which  baa  been  now  deeeribed  waa  the 
subject  of  early  diaeossiott  between  the  Board  of  Trade  and  the  Committee 
of  the  Royal  Society.  The  arrangement  aa  adopted  waa  proposed  by  the 
Committee  in  a  letter  dated  the  8th  of  June,  being  some  vneks  before  the 
eitimatea  had  passed,  and  oonaeqaently  before  they  were  authorised  to 
inoir  any  expenditure  whatever  on  the  public  acconnt*  It  has  been  since 
approved  by  the  Board  of  Trade,  and  ia  now  in  operation. 

The  telegraphic  messages,  which  are  now  limited  to  a  notice  <^  "  ejnst" 
inff/acts,**  are  obviously  capable  of  extension  hereafter,  in  proportion  as 
the  basis  upon  which  sound  meteorological  anticipations  may  rest  shall  be 
enlarged  ;  and  this  we  may  reasonably  hope  for,  as  one  of  the  fniits  of  the 
establishment  and  action  of  the  "  Land  Meteorological  Observatoric^.** 

Meautime  a  not  unimportniif  prnliniinnrv  measure  has  received  us  due 
conaideratioQ.   From  an  early  period  the  attention  of  the  Committee  had 
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been  dmwa  to  tlie  importance  of  Improving^  aa  far  as  possible,  the  qwdity 
of  tlie  inteUigenoe  received  from  the  coast  stations.  IN^th  this  view  they 
gave  directions  that  all  the  telegraph  stations  at  which  obserTations  are 
made  should  be  inspected — a  practice  which  had  never  before  been  carried 
ont*  The  inspection  of  all  the  stations  situated  in  the  British  Islands  has 
now  been  completed.  It  is  hoped  that»  as  the  result  of  these  measures*  the 
accuracy  and  consequent  value  of  the  reports  received  will  be  in  future  ma* 
terisUy  improved ;  and  such  desirable  improvement  has  indeed  already  been 
in  part  effected. 

The  Ibur-foot  reflector  destined  for  the  BIdbonme  Obaervstoiy  ap- 
proaches its  completion,  with  a  full  prospect  of  its  being  ready  to  proceed 
to  its  destination  early  in  the  coming  year,  under  the  charge  of  Mr.  Le 
Sueur.  The  spectroscope  and  photographic  apparatus,  which  are  to  be 
used  with  it,  are  in  progress.  A  question  has  arisen  as  to  the  expediency 
of  providing  it  with  some  roof  or  covering  which,  while  admitting  of  the 
tdMcope  betiig  directed  to  any  part  of  die  heavens,  shall  be  an  efficient 
protection  for  it  ftom  the  weather  at  all  times  when  not  In  actual  use. 
Three  designs  for  this  purpose,  vis.  a  dome»  a  lading  roof,  and  a  revolving 
roof,  with  the  estimated  cost  of  each,  have  been  supplied  by  Mr.  Grubb, 
and  have  been  sent  to  Melbourne  to  be  subnutted  to  the  choice  of  the 
Board  of  Visitors  of  the  Observatory ;  their  decision  may  be  expected  to 
arrive  veiy  shortly,  and  Mr.  Grnbb  Is  prepared  to  cany  it  into  effect  with 
all  promptitude.  There  is  therefore  full  reason  to  expect  that  this  mag- 
nificent Instrument  will  be  at  work  in  the  splendid  field  which  awaits  its 
operations^  in  the  hands  of  a  thoroughly  skUled  and  competent  observer, 
before  our  next  AnnlveriMffy. 

The  Superintending  Committee,  whose  assistance  in  this  important  un- 
dertaking has  been  unremittingly  given,  have  sustained  a  lossi  which  all 
who  hear  me  will  appredate,  in  the  lamented  decease  of  the  Earl  of  Bosse. 
Deeply  as  the  death  of  one  so  highly  gifted,  and  who  devoted  his  gifts  Co 
such  high  object!^  is  to  be  deplored,  it  is  some  consolation  that  his  son 
and  successor  is  one  who  will  add  to  the  lustre  of  their  nsme.  He  is 
already  known  to  you  by  the  important  paper  on  the  Nebula  of  Orion 
which  was  read  at  the  dose  of  our  last  session,  and  is  now  in  course  of 
publication  in  the  Philosophical  Transactions.  Thu  paper  appears  clearly 
to  show  that,  in  the  course  of  the  last  fifteen  years,  considerable  changes 
have  taken  place  in  that  remarkable  object,  such  as  csnnot  be  attributed 
either  to  atmospheric  difficulties  of  vision,  or  changes  in  the  instrument, 
or  in  the  observer's  eye.  It  confirms  fully  the  researches  of  Mr.  Huggins, 
and  at  the  same  time  explains  what  had  presented  some  difficulty,  the 
absence  of  a  contmuous  spectrum  when  the  tdescope  shows  a  multitude 
of  stars. 

In  conformity  with  the  course  of  proceeding  directed  by  the  Melbourne 
Board  of  Visitors,  in  the  event  of  such  an  emergency  as  the  death  of  one  of 
the  three  members  of  the  Committee  of  Superintendence,  I  have  consulted 
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with  the  two  surTivIng  members.  Dr.  RobiiuHm  tnd  Mr»  De  la  Rue,  and* 
in  agreement  with  their  vecommendatioiii  have  named  the  present  Barl  of 
Boise  as  their  assooiate* 

The  year  1868  will  be  signalized  by  the  occurrence  of  a  totsl  sdar 
eclipse  of  almost  the  greatest  possible  duration,  affording  therefore  more 
leisure  than  usual  for  such  observations  as  can  only  be  inndc  during  the 
brief  interrai  of  the  totality*  The  total  phase  will  be  risible  in  India,  bat 
elsewhere  only  in  countries  prnctically  nnavailabie*  Recent  observatiottS  on 
the  spectra  of  the  heaTcnly  bodies  render  spectvoscopie  observations  of  the 
red  protaberances  and  of  the  corona  a  matter  of  peculiar  interest  at 
the  present  time.  The  President  and  Council  have  therefore  considered 
how  far  they  might  contribute  to  a  full  use  of  so  rare  an  opportunity  in 
regard  to  these  more  eQ>ecialIy  physical  phenomena. 

Having  already  experienced,  in  the  case  of  the  pendulum  experiments 
in  India  reported  in  my  last  year's  Address,  the  advantage  of  acting  in  concert 
with  the  distinguished  officer  who  now  holds  the  post  of  Superintendent  of 
the  Great  Trigotiometrical  Survey,  Colonel  Walker  of  the  Royal  Engineers, 
and  having  ascertained  bis  readiness  to  charge  himself  with  the  practical  ar« 
rangements  which  would  be  required  for  the  observation  of  the  eclipse,  the 
President  and  Council  determined  on  ctti]  loying  a  portion  of  the  Parlia- 
mentary grant  placed  at  their  disposal  for  the  present  year  m  the  prepare* 
tion  of  the  necessary  instruments,  consisting  of  a  telescope  of  five  inches 
aperture,  by  Messrs.  Cooke  and  Sons,  mounted  as  a  portable  eqnatoreal 
with  clock  movement,  and  provided  with  a  star  spectroscope;  and  as 
clouds  might  interfere  with  the  observstions  with  this  instrument  at  the 
critical  moment,  they  have  added  four  direct  spectroscopes  for  observing 
the  general  character  of  the  spectra  of  the  red  protuberances  and  the 
corona,  and  have  entrusted  them  to  Colonel  Walker,  to  be  placed  in  the 
hands  of  different  observers. 

It  has  happened  fortunately  that  a  son  of  Sir  John  Herschel,  an  assis- 
tant in  the  Trigonometrical  Survey,  was  about  to  return  to  India  from 
leave  of  absence  in  this  country,  and,  being  applied  to,  expressed  his 
readiness,  subject  to  the  approval  of  Colonel  Walker,  to  undertake  any 
desired  share  in  the  observations,  and  to  make  himself  acquainted  with, 
and  receive  instruction  in,  the  use  of  the  instruments  before  his  depsrture, 
as  well  as  to  take  charge  of  their  conveyance  to  India.  This  arrangement 
having  received  the  cordial  approval  of  Colonel  Walker,  hss  been  duly 
proceeded  with,  and  Lieutenant  Herschd  with  the  instruments  is  now  on 
his  way  to  India. 

Mr.  Hennessey,  First  Assistsnt  on  the  Indian  IVigonometrical  Survey, 
having  expressed  in  a  letter  to  the  President  hia  wish  to  render  available 
for  scientific  researches,  not  incompatible  with  his  professional  duties,  his 
residence  for  great  part  of  the  year  at  the  elevated  station  nnd  in  the  clear 
atmosphere  of  Mussoorie  (7000  feet  above  the  sea),  his  offer,  which  had 
received  the  oordisl  sanction  of  Colonel  Walker,  hss  been  embrsced: 
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advice  and  instructions  for  the  observation  of  tho  terrestrial  lines  of  the 
lolar  spectrum,  and  for  observations  of  the  zodiacal  light  (for  which  the 
ntuation  is  particularly  favourable)  and  for  other  desirable  inquiries  have 
hBffSk  sent  to  him  ;  and  Lieutenftnt  IIer«clicl  ig  taking  out  spectroscopes, 
priBms,  actiuometerii,  and  other  suitable  iustrumcats  which  the  Society 
has  provided  for  his  use. 

The  Society  have  been  already  apprised  of  the  desire  of  the  Government 
of  Mauritius  to  establish  in  that  colony  a  Magnctical  Observatory,  working 
witli  the  iustrumeats  and  ath)pUng  the  methods  of  discussing  llie  residts 
as  practised  at  Kew.  Early  in  the  Session  a  coinniunication  was  received 
from  the  Colonial  Office,  conveying  the  Earl  of  Carnarvon's  rerjuest  for  the 
opinion  of  the  Royal  Society  regarding  the  instruments  to  be  emplnypfl  in, 
and  the  plans  for  the  building  of,  a  new  observatory,  which  should  be  both 
magnetical  and  meteorological.  After  full  communication  aud  discussion 
with  Mr.  Meldrnm,  Director  of  the  Mauritius  Observatory,  who  had 
arrived  in  England,  a  reply  was  returned  to  the  Colonial  Office  particu- 
larizing the  reraainino^  instruments  still  required  for  the  complete  equip- 
ment of  such  an  observatory,  together  with  plans  for  the  buildings  and 
estimates  for  the  whole,  submitted  by  Mr.  Meldrum,  and  approved  by 
tlie  President  and  Council.  Tin  iii-trumeat«  have  been  prepared,  vonlied, 
and  practised  with  by  Mr.  Meldrum,  Kew,  and  are  ready  to  proceed  to 
their  destination* 

The  self-recording  magnetical  instruments  prepared  and  verified  at  the 
Kew  Observatory  by  the  request  of  the  Government  of  Victoria  have  hvvw 
forwarded  to  their  destination,  and  are  now  at  work  at  Melbourne  under 
the  superintendence  of  Mr.  Ellery.  An  application  received  in  the  course 
of  the  present  year  from  the  same  colony  for  self-recording  mcteoroloL'ieal 
instruments  on  the  pattern  of  those  at  Kew  has  been  already  coiti;)lied 
with  In  part,  and  will  be  so  fully  as  soon  as  the  present  urgent  demands 
for  the  British  Laud  Meteorological  Observatories  shall  have  been  suppUed, 

Since  the  information  conveyed  in  my  last  year's  Address  respecting  tlie 
Magnetical  Observatory  at  Bomb.iy,  Mr,  Chambers's  api>licatiou  for  self- 
recording  iu  ^tnunents,  similar  to  those  at  Kew,  has  been  received  at  the  India 
Office,  accompanied  by  the  aj)proval  aud  reconnnendation  oi  tiie  Bombay 
G  ^eminent.  Happening  to  arrive  about  the  time  wiien  Lord  Cranboui  ne 
had  referred  the  general  subject  of  the  Agronomical  Observatories  in 
India  to  the  Astronomer  Royal,  the  Muynetical  Observatory  at  Bombay 
was  included  in  the  reference,  the  distinction  between  astronomical  and 
magnetical  observatories  not  being  perhaps  very  clearly  imderstood.  Mr, 
Chambers's  application  for  efficient  instruments  seems,  however,  to  have 
drojiped  out  of  consideration,  and  fto  use  an  ordinary  term)  was  "  shelved.'* 
A  renewal  of  the  application  made  through  Sir  Bartle  Frerc,  the  (  iovcrnor 
of  Bombay,  caused  a  second  reference  to  the  Astronomer  iioyal^  frou\ 
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whose  official  rcplj,  printed  by  the  Bombay  Government,  1  extract  the 
IbUowing  passage 

»I  ahoiild  eerUMj  teoommtad  that  any  new  m^netic  obscnratory  be 
Ibnndied  nitli  uagnetie  inBtmiiieiito  oa  the  pattern  of  thoie  at  Kew.  I 
ironld  propose  that  an  aniwer  of  thia  tenor  be  given  to  the  Superintendent 
9i  the  Bombay  Obsenalory,  that  the  Secretary  of  State  for  India  in 
Conncil,  hanng  taken  the  opinion  of  the  Aatronomer  Boyal,  appiovea 
highly  of  hia  (the  Snperintendent^a)  acting  in  ccnoert  with  the  Kew  Ob* 
■eiiatoiy*" 

StiUy  poaobly  from  inadvertence,  llr.  Chambers's  application  for  the 
inatmments  reqmred  to  enable  htm  to  obey  the  instruction  of  "acting  in 
eonoert  with  Kew"  yet  remains  without  a  reply.  In  the  meantime  the 
cost  of  the  obsenratofj  runs  on,  whilst  the  very  valuable  services  for  mag- 
netical  science,  approved  and  recommended  by  the  Astronomer  Royal, 
and  which  Mr.  Chambers,  having  been  educated  at  Kew,  is  singnlarly 
qualified  to  carry  into  execution,  are  in  abeyance  for  want  of  the  ne- 
cessary instrumental  means  to  rxemtp  them,  tlie  whole  cost  of  which  would 
be  under  £40Q,  We  may  hope  that  this  oversight  wiU  shortly  be  rectified. 

The  publication  in  the  last  year  of  the  verification  and  extension  of  La 
Caille's  Arc  of  the  Meridian  m  Southern  Ali  ii  a,  hy  Sir  Tliomas  Maclcar, 
Astronomer  at  the  Cape  of  Good  Hope,  aunounces  the  completion  of  a  na- 
tional work,  pursued  unremittingly  for  above  thirty  years,  and  e8tabli:shing 
by  its  result  a  conclusion  too  important  in  its  scientific  interest  to  pass  with- 
oat  recognition  by  the  Boyal  Sodety.  Oar  sole  knowledge  of  the  figure 
of  the  southern  hemisphere  rests  on  the  are  of  the  meridian  measured  by 
La  Caille«  and  now  remeasured  and  eztendcd^by  Madear.  The  origin^ 
meaaurement^  notwithstanding  the  weIl«known  ability  of  the  great  astro- 
nomer  under  whose  superintendence  it  was  ezecutcd,  has  not  commanded 
confidence.  The  degree  inferred  from  it  is  ftr  too  great,  and,  if  accepted, 
wonld  lead  to  the  concluaioa  that  the  dimensions  of  the  two  hemispheres 
are  dissimilar.  But  La  Gaille*8  triangles  were  observed  with  a  quadrant, 
not  with  a  circle,  and  were  therefcne  liable  to  errors  of  eccentricity  and  of 
figure ;  while  the  effects  of  local  attraction,  if  recognized  at  all,  were  Tery 
imperfectly  appreciated.  These  considerations  induced  Maelear,  shortly 
afler  his  appointment  to  the  Cape  Observatory,  to  plan  the  verification 
which  he  has  now  accomplished.  Pursuing  the  still  earlier  inquiries  of 
Sir  George  Everest,  he  succeeded,  though  with  considerable  difficulty,  in 
recovering  La  Caille's  terminal  stations  ;  and,  aided  by  the  adnce  and  en- 
couragement of  Sir  John  Ilerschel  (thr-n  nt  tlie  Cape)  and  of  tlie  Astro- 
noit;cr  J{oy;il,  he  commenced  the  work  ot  a  rcmeasnrenicnt  in  IS-iH.  The 
procecdmgs  w  vrv  neee^^nrilv  tedious  ;  the  measurements  ol  the  base,  of  the 
trian??]e«,  mid  ul'  the  zeinlii  distances  were  repeated  to  an  extent  and  with 
precau!  ioll^  unpractised  at  the  carHer  period.  The  zenith  di&tanees  were 
observed  witii  the  sei  tur  witli  wlueli  Bradley  diiscovercd  the  aberration  of 
light  uud  the  uutatiuu  of  the  earth's  a&is,  entrusted  to  Maclcur  uy  the  Ad- 
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miralty ;  and  though  made  more  fit  for  use  in  the  fieM  hy  impmements 
Buggested  by  the  Astronomer  Rojal,  the  transport  of  an  instramentatonce 
ponderous  and  delicate,  through  a  wild  and  nigged  country,  was  an  under- 
taking  of  no  ordinary  difficulty;  hut  it  was  performed  without  injury. 
The  terrestrial  angles  were  taken  with  a  20-incli  drde  hy  Jones,  and  a 
smaller  theodolite  hy  Reichenhach,  hotli  of  remarkahle  piedskm.  The 
hase,  from  which  all  the  distances  were  derived,  was  measured  with  the 
compensation  hars  used  in  the  Irish  Triangulation*  Thus,  in  respect  to 
the  means  employed,  this  arc  of  the  mondian  may  he  regarded  as  inferior 
to  none  on  record.  A  full  account  of  the  whole  was  completed  in  1866, 
and  has  been  published  hy  the  Admiralty  in  two  quarto  volumes.  It  does 
not  confirm  the  abnormal  Talne  obtained  by  La  Caille,  but  shows  a  probable 
cause  for  the  discordance.  La  Caille's  northern  station  was  in  a  hollow 
surrounded  hy  mountains,  one  of  which,  half  a  mile  distant  to  the  north, 
was  a  mass  of  rock  2000  feet  high,  and  others,  at  distances  somewhat 
greater,  were  still  near  enough  to  create  disturbance.  A  station  so  situated 
was  obTiousIy  ill  suited  to  be  a  terminal  station :  and  the  triangolationwas 
extended  across  an  immense  plain  of  sand  (the  Bushman's  Flat)  to  apomt 
without  any  visible  source  of  local  attraction.  By  this  extenaon,  and  by  a 
similar  one  to  the  south,  Madear^s  arc  has  an  amplitude  nearly  four  times 
as  great  as  that  of  La  Caille^  and  is  on  this  account,  as  well  as  on  account 
of  the  greater  accuracy  in  detail,  far  more  deserving  of  confidence.  The 
degree  which  is  derived  from  it  is  1 133  feet  shorter  than  that  of  La  Ciille  s 
and  as  La  CaUle's  is  1051  feet  longer  than  that  given  by  the  spheroid, 
which,  according  to  Airy,  represents  the  aTcrage  of  northern  ares^  it  is  evi- 
dently a  near  approximation  to  the  truth.  This  is  even  more  distinctly  shown 
by  the  close  agreement  of  the  latitudes  computed  from  the  geodetic  mea- 
surements wi^  those  given  by  the  sector — ^that  of  the  north  extremity 
being  0"'4  in  defect,  that  of  the  south  extremity  0"'5  m  excess. 

The  Philosophical  Trsnssctions  of  the  past  year  contain  an  important 
memoir  by  Mr.  Abel,  F.RJ3.,  to  which  has  been  essoined  the  distinction  of 
forming  the  Bakerian  Lecture  for  the  year.  It  is  a  most  careful  and 
exhaustive  treatise  upon  the  circumstances  which  influence  the  itabiliiy  of 
gun-cotton.  He  has  made  numerous  ezpeiiments,  both  in  the  laboratory  on 
small  quantities,  and  in  store  upon  large  quantities,  of  the  material ;  and 
some  of  his  experiments  have  been  carried  on  upon  the  same  sample  for 
three  or  four  years.  The  results  arrived  at  ul  these  investigations  show 
that  gun-cotton,  purified  according^to  Yon  Lenk's  directions,  may  be  kept 
either  in  the  open  air  or  in  closed  vessels^  and  may  be  exposed  to  diffosed 
dayli^t  ibr  very  long  periods,  without  undergoing  any  change.  The  pre- 
servation of  the  material  for  between  three  and  four  years  has  been  perfect. 
By  prolonged  exposure  to  nadiffkf,  ordmary  gun-cotton  sufiers  a  gradual 
decomposition,  which  is  somewhat  more  rapid  when  the  cotton  is  damp 
than  when  it  is  dry ;  but,  even  under  these  circumstances,  the  change  pro- 
duced by  several  months  of  exposure  is  of  a  very  trifling  nature  and  may 
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be  counternctcd  by  very  simple  meaus,  which  in  no  way  interfere  with  tlic 
essential  qualities  of  the  material.  All  orJiiiary  products  contain  small 
quantities  of  organic  (azotired)  impurities,  which  are  comparatively  unstable. 
It  is  the  presence  of  these  impurities  in  ordinary  gun-cotton  which  gives 
rise  to  the  development  of  free  acid  when  tlie  substance  is  exposed  tu  a  high 
temperature  i  nud  the  acid  thus  generated  may  eventually  exert  a  destruc- 
tive action  upon  the  pure  portion  of  the  mass  (or  true  gun-cotton),  and  thus 
establish  a  decomposition  which  is  materially  accelerated  by  heat,  Hr.  Abel 
has,  however,  arrived  at  the  important  piaelical  conduiioa  that  this  mis- 
chief can  be  averted  by  neutralixing  the  acid  as  it  is  liberated  $  and  this  is 
readily  effected  by  distributing  through  the  finished  gun-cotton  a  small 
quantity,  say  one  per  cent.>  of  carbonate  of  soda.  By  adopting  this  precau- 
tion, damp  gua-cotton  may  be  stored,  closely  packed,  in  large  ([uanUties^ 
and  may  be  exposed  to  a  heat  equal  to  212^  Fidirenheit  in  confined  spaces 
fi>r  long  periods,  without  undergoing  any  alteration.  The  introduction  into 
the  finished  gon-cotton  of  one  per  cent,  of  csrbonate  of  soda  affords,  there* 
fore^  security  to  the  material  against  any  destmctive  effects  of  the  highest 
temperature  to  which  it  is  likely  to  be  exposed,  even  under  very  aeeptioaal 
cUmatic  conditions. 

Actual  immersion  in  water  is  not  necessary  for  the  most  perfect  preser- 
vation of  gun-cotton.  The  material,  if  only  damp  to  the  touch,  does  not 
sustain  the  smallest  change  even  if  closely  packed  in  large  quantities.  If 
as  much  water  as  possible  be  expelled  from  wet  gim-cotton  by  the  centri- 
fugal extractor,  the  cotton  is  obtained  in  a  condition  which,  though  only 
damp  to  the  touch,  is  perfectly  non-explosive.  It  is  therefore  in  this  con- 
dition that  all  reserve  stores  of  the  substance  should  be  ])reservcd,  and  that 
it  should  be  tran«;ported  to  distant  places.  The  proper  proportion  of  the 
carbonate  of  soda  mny  be  conveniently  introduced  by  being  dissolved  iu  the 
water  by  whicli  the  gun-cotton  is  wetted. 

It  is  in  this  immunity  from  danger  in  storage  and  in  transport  that  pro- 
perly prepared  gun-cotton  ])osses5os  so  great  an  advantage  over  gunpowder. 

Mr.  Abel  has  also  elaboratciy  iavestigated  the  effects  of  various  kinds  of 
defective  preparation  of  guu-cotton,  combuied  with  systematically  varied 
circumstances  of  exposure  to  heat,  moisture,  and  light  of  the  products  so 
obtained.  It  is  seen  by  these  investigations  that  modifications  in  the  pro- 
cesses of  conversion  and  purification,  which  appear  at  first  sight  of  a  very 
trifling  nature,  exert  most  important  influences  on  the  composition  and 
purity,  and  consequently  on  the  stability,  of  the  product.  It  is  shown  by 
Mr.  Abel  that  to  such  causes  are  to  be  attributed  the  conclusions  con- 
demnatory of  gun-cotton  which  had  been  drawn  by  fi>reign  chemists  of  con- 
siderable note. 

The  distrust,  not  unreasonably  entertained  at  the  time,  of  the  stability  of 
the  material,  was  a  principal  cause  of  the  desire  on  the  part  of  Her  Majesty's 
Government  to  refer  the  subject  of  gun-cotton  to  a  Committee  which  should 
include  some  scieotific  members  taken  from  the  Royal  Society.  This  great 
andprimiiy  question  being  now  satisfactorily  solved,  the  remaining  secondaiy 
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questions  regarding  the  best  forms  or  modes  of  adaptation  of  this  material 
to  some  of  the  vwied  ezi^endfli  of  the  navtlind  mflitary  services,  in  which 
its  anploTraent  might  be  prafeniUo  to  that  of  gunpowder,  may  be  regarded 
M  more  properly  belongiug  to  the  ezecutiTe  profcMionel  offioen  of  Her 
l[ajefty*s  Nary  end  Anny. 

I  have  the  gieet  eetiilhctioii  of  etatingy  en  the  pert  of  the  Commitlee« 
theft  no  iDjury  to  life  or  Umb  haa  taken  piece  in  the  ooone  of  their  cxperi* 
menti. 

At  the  Nottiii|^bam  Meetmg  of  the  Brituh  Asiooiationft  the  snm  of  iSlOO 
wee  granted  to  a  Committee  for  the  purpose  of  exploring  the  Tertiary 
Plant-beda  of  North  Greenland.  The  collections  of  fossil  TegetaUe  lemaina 
ftom  the  arctic  regiona  which  had  been  brought  to  this  country  and  pre- 
sented to  various  museoms  by  Sir  Leopold  M'Clintock,  Capt.  loglefiddf  and 
other%  hare  all  been  sent  to  Prof.  Oswald  Ilecr,  of  Zurich,  io  well  known 
for  his  researches  into  the  Tertiary  Fossil  Flora  of  Europe.  The  similar 
collections  which  were  preserved  in  the  museums  of  Denmark  and  Sweden 
had  also  been  submitted  to  the  same  authority  ;  and  the  results  of  his  in- 
vesti2:fitinn  sceiti  to  %hn\\  that  Nort)^  Orfrnlaiul  enjoyed,  (luring  j)art  of  the 
Ti  rtiarv  cpocH,  a  climate  very  much  milder  than  that  which  ia  now  expe* 
rieuced  in  tho.^c  latitudes. 

The  di'scriptioii  of  the  fossils  id  in  piocesii  ui  publication  by  Prof.  Ileer ; 
and  ill  ord^r  tu  | procure  addiiional  iufarmaliau  on  this  very  mterestiug sub- 
ject, the  grant  was  made  by  the  Association. 

The  Greenland  Committee,  finding  that  Mr.  E<l\vanl  Whymper,  one  of 
their  inciiilu  ijj,  was  proceeding  to  Giteulaiui  ui  Ihc  amuiMcr  of  18G7, 
handed  ihc  entire  sum  over  to  him  ;  aud  fiuding  that  additional  funds 
would  be  requisite,  they  made  application  to  the  Royal  Society,  who 
gave  £200  from  the  Government  Grant  Fond,  placed  at  the  diapoaal  of 
the  Soeiety. 

Mr.  Whymper  haa  now  returned  from  Greenland  with  a  large  and  valn- 
ahle  eoMeetion  of  ipeeunena.  Theae  will  at  once  he  subjected  to  examina- 
tion }  and  when  tl^  work  haa  heen  effected,  a  complete  aeriea  of  apcdmena 
wiU  he  depoaated  in  the  Brittah  Hnaeum,  aoeordmg  to  the  conditiona  of  the 
grant,  as  made  by  the  British  Aaaooiation  aud  by  the  Preaident  and  Couadl 
oftheBoyalSoeiety. 

I  proceed  to  the  award  of  the  Medals. 

The  Copley  Medal  has  been  awarded  to  Karl  Ernst  von  Baer  of  St. 
Peterahmgi  For.  Memb.  of  the  Royal  Society,  for  bis  discoveries  in  Em- 
bryology and  Comparative  Anatomy,  and  for  hia  contribationa  to  th^ 

Philosophy  of  Zoology. 

Forty-one  years  ago  it  was  believed  by  all  the  great  authorities  in  ana* 
tomy  and  pliysiolopry  tliat  (Ik  rt^il)ryos  of  man  and  of  other  Mammalia  origi- 
nated  in  (juite  a  differtiit  lu  uincr  from  those  of  oviparous  animals.  As  to 
the  latter,  ererydaij  obseivatioa  of  fowls,  suakea,  frogs,  aaU  fi«hea  had  been 
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sufficient  to  demonstrate,  even  without  special  scientific  inrcstigation,  that 
their  young  arose  witliin  eggs,  and  that  these  eggs  were  preformed  within  the 
body  of  tlu:  virgin  female.  Fnrtlier,  tho  researches  of  Fabricius,  of  Ilarvev,  of 
Haiier,  of  Caspar  Friedrich  Wolii,  of  (Jruikshnnk,  of  Doihnger,  of  Faiukr, 
of  Prevo'st  and  Dumas,  and  of  Dutrochet  and  Cnvier  had  traced  back  the  em* 
bryos  of  the  Ovipara  to  a  very  early  stage,  and  hud  thrown  much  light  upon 
the  changes  undergone  by  those  of  the  Mamuialia.  15  ut  ihe  earliest  condition 
of  the  maniHialiiiu  cnibiyo  wuij  unknown.  Hallcr'^  imthority  was  still  pre- 
dotiiinaat ;  and  ilalk  r'ts  researches  had  euaLltd  hisu  to  discover  in  the  mam- 
malian uterus,  shortly  after  impregnation,  nothing  more  tiiiiu  a  semitluid 
substance,  in  which,  it  was  imagined,  the  embryo  appeared  by  a  kuid  of 
crystallization.  The  origin  of  this  ftdmifluid  embryonic  matter  was  sought 
for  in  a  mixtore  of  tlie  itmiial  ifaiid  of  the  male  with  the  eootenti  of  the 
Temarluible  Teiieles  long  before  diMSOveied  by  De  Gnuif  in  the  ovary  of  the 
femile^  and  edled  after  lum  the  Graafian  foUtelca. 

Bat  in  1827  all  aneb  epeculatioBS  were  at  once  aboKabed^  and  the  identity 
in  mode  of  origin  between  the  embfyoa  of  the  Jfoawialifl  and  thoie  of  othw 
ammals  waa  demonitrated  bj  a  jonng  Profeeeor  in  the  UniTern^  of  Konigt- 
berg^  whose  unwearied  patience,  eagadtj,  and  ebarpiigbtedness  had  enabled 
him  to  trace  back  the  foetos,  itep  by  etep,  to  the  minute  egg»  not  a  hun- 
dredth of  an  inch  in  diameter,  to  demonetrate  that  the  Graafian  follicle  is 
aimply  the  chamber  in  which  that  egg  is  contained,  and  to  prove  that  the 
first  step  in  mammalian  generation,  as  in  that  of  other  animals,  is  the  de- 
tachment of  the  egg  from  the  org^  of  the  parent  in  which  it  is  developed. 

Tliis  capital  discovery  forms  one  of  the  grounds  upon  which  the  Copley 
If edal  ia  to>day  awarded  to  the  sometime  Professor  in  Kiinigsberg,  but  now, 
and  for  many  years  past,  the  honoured  Academician  of  St.  Petersburg,  Karl 
Ernst  von  Baer. 

Von  Baer's  great  discovery  was  not  the  result  of  accident,  but  \sa>  t  he 
reward  of  long-continued  and  most  laborious  investigations  into  the  deve- 
lopment, not  only  of  the  chick  and  of  the  mammalian  embryo,  but  of  other 
animals.  The  first  part  of  a  great  work  entitled  *'  Ueber  Entwickelungs- 
geschichte  der  Thiere.  Beobachtungen  und  Reflexioneii,"  euibodying  some 
of  the  results  of  these  inquiries,  and  mainly  of  the  investigations  into  the 
development  of  the  chick,  aj>j>c;ircd  in  1828;  the  second  part,  in  which 
the  iii;iiiiiiiaiia  are  chietly  treated  of,  was  published  in  1837. 

It  impossible  to  overestimate  the  value  of  this  remarkable  book,  or  to 
doubt  the  great  influence  which  it  has  exerted,  and  still  exerts,  upon  the 
growth  of  a  sound  philosophy  of  Biology* 

Al  ^  time  of  its  appearance  then  wiM  aotbing  that  eodld  bo  oompaiod 
with  it,  as  a  special  monograph  upon  the  formation  of  the  diichy  or  as  % 
treasury  of  accurately  obsenred  facts  respecting  the  development  of  the 
Vertel  rata  in  genera!,  or  as  an  exposition  of  the  significance  of  development 
and  of  the  bearing  of  the  study  of  embryology  upon  classification,  And« 
as  a  ifhole^  it  may  be  safely  said  thai  H  vemainsat  the  prsaent  day,  thongh 
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surroundeil  l»y  tbc  splendid  works  of  iUtbke,  Biscbofij  Eemak,  Coste«  and 
others,  primus  inter  pares. 

It  is  to  Von  Baer  that  we  owe  the  great  generalization  that  all  develop- 
ment is  a  progress  from  the  jgeneral  to  the  special — a  law  whicli  liuaiu  ap- 
plication in  wide  regions  not  contemplated  by  its  author.  It  is  to  him  that 
we  are  indebted  for  the  truth  that  zoological  affinity  is  the  expression  of 
smnlarity  of  development,  and  that  the  different  great  types  of  ammal 
structure  arc  the  result  of  different  modes  of  development. 

The  authorslii|j  of  the  '  Entwickelungsgeschichte  dcr  Tliievi  /  and  of  the 
'Beitnigezur  Kenntniss  dcr  niederen  Thiere  *  (1824-2fi  ),  woulti  have  suffi- 
ciently justified  the  award  of  the  Copley  Medal  to  Vou  Baer  had  he  not 
been  the  diacovcrcr  of  the  mammahan  ovum. 

Besides  these  lal  ours  of  primary  impoi  taiicc,  the  energy,  versatiUty,  and 
wide  learning  of  Von  Baer  have  been  shown  in  multitudinous  other  direc- 
tions— in  numerous  memoirs  on  Comparative  Anatomy,  Systematic  Zoolo-y, 
and  Zool ()[:!( a]  Distribution,  in  most  valuable  and  origiual  essays  on  An- 
thropoloprv  and  Ethnology,  and  in  scientific  expeditions  to  different  parts  of 
the  widespread  Russian  Empire,  from  Nowaja  Zemlja  to  the  Caspian. 

Yon  Baer  was  bom  in  Esthonia  in  the  year  1 792.  His  father  was  a  gentle, 
man  of  landed  property  and  "  Ritterschafts-Hauptman  "  of  Esthonia.  Two 
years  ago^on  the  occasion  of  the  fiftieth  anniversary  of  the  venerableAcademi- 
cian*s  Doctorate,  the  nobility  of  Esthonia,  headed  by  their  present  Ritter> 
flcbafls-Hauptman,  the  Baron  von  dcr  Pahleo,  formed  themseWesuito  an  as- 
sociation for  the  purpose  of  celebrating  the  occasion ;  and  as  a  memento  of 
proceedings  honourable  alike  to  their  eminent  countryman  and  to  themselves* 
published  the  autobiography  which  he  wrote  at  their  request  with  all  the  ac* 
cessories  of  typog;raphic  luxuiy.  Thirty-six  years  ago  the  Academic  dea 
Sciences  of  PariSi  at  the  instance  of  Humboldt,  and  on  the  report  of  Cuvier, 
awarded  Von  Baer  a  medal.  In  1854  he  was  dioeen  a  Foreign  Member  of 
the  Royal  Society. 

We  may  rejoice  that  it  is  not  yet  too  late  to  off&t  the  highest  honour  at 
the  disposal  of  the  Royal  Society  of  London  to  a  man  who  has  so  long  been 
recognized  on  the  continent  as  one  of  the  great  lights  of  biological  science* 
who  will  take  his  place  hereafter  beside  Cuvier*  Wolif*  and  Hanrey. 

Professor  Miller, 
I  will  request  you,  on  the  part  of  the  Society,  to  transmit  this  Mednl  to 
our  venerated  collengue,  Dr.  von  Baer,  and  to  express  to  iiim  our  hope  that 
this  testimonial  of  the  \cvy  high  esteem  in  which  the  lahours  of  his  life  are 
held  in  En^rlai^d  will  be  a  welcome  and  valued  addition  to  the  honours  which 
£tly  crown  his  latter  years. 

The  Cotmcil  have  awarded  a  Royal  Medal  to  Messrs.  John  Bennet  Lawes 
and  Joseph  Henry  Gilbert  for  their  researches  in  Agricultural  Chemistry. 

HJessrs.  Lawes  ^'  Gilbert  haTC  been  engaged  for  the  last  twenty-four 
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jean  in  a  Bystemalie  series  of  reseafebes  upon  Agricnltuial  Chemiitfy,  with 
a  view  of  detensining^  by  exact  eiperimentSi  the  principles*  chemiod  and 
physiological,  which  are  inToked  in  the  genendand  fandamental  processes 
of  successful  agricultnTe. 
These  investigations  have  embraced : — 

1.  Researohes  into  the  exhaustion  of  soilSi  indnding  experiments  on 
wheat,  on  bariej,  on  turmps,  on  doTer,  and  legominons  crops* 

2.  Besearches  on  the  prindpks  of  rotation  and  fallow. 

3.  On  the  nuzed  herbage  of  grass^land. 

4.  On  the  process  of  yegetation  generally,  including  researches  upon  the 
action  of  manures. 

5.  On  the  origin  of  nitrogen  in  plants  (Phil.  Trans.  1861). 

6.  Researcbes  on  the  feeding  and  ihttening  of  animals  (Phil.  Trans. 
1859). 

It  is  difficult  to  give  in  a  short  compass  the  practical  eondunons  arrived 
at  ftom  a  series  of  investigations  upon  a  number  of  subjects  each  so  com- 
plicated in  its  nature,  so  important  in  its  object,  and  continued  systemati* 
eslly  over  so  protracted  a  period.  At  the  time  your  medallists  commenced 
their  experiments  it  was  generslly  su])posed  that  certain  saline  bodies,  or 
so-called  mmertd  co^ttiiumUt  wero  essential  to  the  growth  and  develop- 
ment of  the  plant,  and  that  soch  substances  must  be  furnished  to  it  by  the 
soil.  The  necessity  of  a  certain  qoantity  of  nitrogen  was  also  recognised  i 
bnt  it  vras  imagined,  since  wild  plants  could  thrive  without  any  artificial 
supply  of  nitrogen,  that  a  suffident  amount  of  this  element  existed  in  the 
atmosphero  (in  the  form  chiefly  of  salts  of  ammonia)  to  render  it  unnecessary 
to  take  any  steps  for  inereasmg  thb  supply ;  and  it  was  supposed  that  the 
fertility  of  a  sdl  might  be  maintained  for  an  indefinite  period  if  the  different 
minersl  constituents  carried  off  by  the  crop  wero  annually  returned  in  due 
quantity  as  mineral  manuro  to  the  soil. 

This  ndntral-aah  theory,  as  it  was  termed,  was  proposed  by  Liebig ;  but 
it  has  been  proved  by  Messrs.  Lawes  &  Gilbert  to  be  erroneous^  as  it  em« 
brates  a  part  only  of  the  truth. 

The  field  experiments  upon  which  this  oondusion  rests  wero  commenced 
in  1843^  Fourteen  acres^  divided  into  about  twenty  plots,  wero  devoted  to 
experiments  upon  wheat,  and  seven  acres,  divided  into  about  twenfy-four 
plots,  to  experiments  upon  turnips.  Snbsequentiy  similar  experiments  wero 
made  upon  beans,  dover,  barley,  and  the  mixed  herbage  of  permanent 
meadow-land.  The  general  plan  of  the  field  experiments  consisted  in  se* 
leeting  fidds  in  a  condition  of  agricultural  exhaustion,  that  is,  in  a  state  in 
which  a  fresh  supply  of  manuro  wss  needed  to  fit  the  soU  for  the  growth  of 
another  crop.  Upon  this  exhausted  soil  eadi  of  the  most  important  crops 
in  the  rotation  were  grown,  year  after  year,  upon  the  same  spot,  both  witn- 
oat  manuro  and  with  many  different  descriptions  of  manuro,  each  of  which 
was^  as  a  rule,  applied  year  after  year  to  the  same  plot.  By  this  means  it 
was  possible  to  determine  the  point  of  rolative  exhaustion  or  excesdve  sup- 
ply of  any  of  the  constitnents  of  the  manuro. 
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'Wfaett»  fon  tiaafiky  wm  grown  jeir  after  jMf  upon  the  wmt  knd  for 
twenty-foiir  ynn  t  tnniipt  (with  an  interral  of  three  yeavs)  for  twenty- 
fife  ycare}  and  in  the  eipcrimentB  on  rotation  (which  oompriaed  the  «*fettr 
oonrae"  of  tiimip8»  barley,  legommoni  crop  [or  IMlcnr]i  and  wheat)  the 
hnt  of  the  fifth  '*  four  oonne  rotation  waa  eempleted^  eompnauig  twenty 
years  in  all. 

Parallel  with  the  field  experimentf,  records  relating  to  the  fall  of 
fain,  atmospheric  pressure^  temperature  of  the  air,  and  of  the  dew-point 
were  kept  or  collated,  to  as  to  enable  the  observers  to  ascertain  the 
effeota  of  the  varying  aeaaon  upon  the  quantity  and  quality  of  the  field 

produce. 

It  soon  becnmp  pvident  that  much  remained  to  he  done  in  perfecting 
the  methods  of  chemical  ninih  si'?  before  cnmparative  analyses  could  afford 
much  ns'^istanre  in  flotei uimiuL'  tin  relative  productiveness  of  different 
soils  ;  aiul  to  this  object  our  medallists  addresaed  tbeoiselres  both  with 
skill  and  succ  ef^s. 

The  practical  value  of  these  experiments  may  be  seen  from  the  fact 
that,  tHkmir  the  results  of  twenty  years,  the  aiiaual  average  produce  in 
bushels  of  wheat  per  acre  williout  manure  was  16|,  with  fariuyurd 
manure  exactly  double,  und  with  artificial  manures  3.V|  Luiihels,  the 
Utter  being  considerably  more  than  the  average  produce  of  Great  Britain 
when  wheat  is  grown  in  the  ordinary  course. 

The  produoe  of  wheat  grown  auooeeaively  on  the  aame  plot  without 
manure  leareely  altered  firom  year  to  year^  whilit  that  of  the  tnrnipa  he- 
came  reduced  to  nothing ;  the  efl^  of  a  manure  of  anperphoaphate  bebg 
most  marked  upon  the  tumipa,  whilat  the  employment  of  aalta  of  ammonia 
mixed  with  alkaline  aalti  and  phosphatea  waa  most  auitable  for  wheat* 
although  these  aro  not  the  manures  indicated  by  a  aunple  amdyeis  of  the 
ashes  of  the  two  crops.  The  authors  remark,  **  Indeed  the  whole  ten- 
dency of  agricultural  inveatigatton  seems  to  show  the  fallacy  of  alone 
relying  upon  the  knowledge  of  the  composition  of  a  crop^  as  directing  to 
the  constituents  probably  more  especially  required  to  be  provided  for  it  by 
manures ;  and  rather  that  the  elucidation  of  agricultural  principles  must 
be  looked  for  from  a  due  consideration  of  Vegetable  Physiolo^,  as  well 
as  Chemistry,  of  the  special  functional  peculiaxitiea  and  resources  of  dif- 
ferent plants,  as  well  as  their  actual  percentage  compoaition.** 

The  investigation  into  the  feeding  of  animals  was  even  more  laborious 
hi'it  it  was  a  necessary  complement  to  the  experiments  upon  the  growth  of 
crops.    It  was  directed  to  the  solution  of  the  foliowiog  among  other  im- 
portant problems  : — 

1.  The  amount  of  food  consumed,  and  its  several  constituents,  in  rela- 
tion to  tlie  production  of  a  given  live  weight,  for  different  animals. 

2.  The  comparative  development  of  the  diHereut  organs  in  the  finning 
of  animals,  and  their  cdininsition. 

3.  The  relation  ot  the  manure  produced,  both  in  quantity  and  quality, 
to  the  food  consumed. 
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4*  Tha  ezpcnditim  or  loss,  by  refpiration  aad  ezhAktkm  of  the  animalt 
comUtend  m  «  mMt-pvodiidiig  and  namuiMiakfaig  t 

It  it  in^KMiible  lo  go  into  detail  into  thia  portion,  of  lha  inquiry,  tha 
principal  reralti  of  which  nre  given  in  a  paper  pnUiahad  in  th«  PUhico* 
phical  Tnnaactiona  for  the  year  1859. 

It  nwj  he  auffident  to  aom  up  theae  remarka  hy  atadng  that  the  viriona 
inqniriea,  to  which  a  hrief  leferance  haa  hean  nadib  hnve  hean  eoodvctad 
witik  a  akillf  perwTeianoab  and  ioeaeaa  which  haye  placed  their  anthofCf  hj 
general  conaent,  at  the  head  of  those  who  hate  pnratied  thia  important 
hranoh  of  eipeiimental  inqniry. 

Ma.  Lawbs  and  Mr.  Gilbbrt, 
Receive  thia  Medal  in  teatamony  of  the  Eoyal  Society's  recognition  of 
your  joint  labours,  and  of  their  approTal  of  the  object  to  which  those 
labours  have  been  directed, — which,  while  not  outstepping  the  wide  limits 
of  a  Society  devoted  to  the  promotion  of  natural  knowledge,  is  yet  in  an 
unusual  degree  conncrted  with  the  supply  of  nmnN  primary  wants.  Tt 
will,  I  trn??t,  hp  more  especially  prised  b}'  yon  !\s  niarkmu;  tlic  vSociety's 
fippieciation  of  the  long  devotion,  the  paliciit  unbiassed  desire  for 
truth,  aud  the  sound  <?cienti£lc  mauuer  of  proceeding  which  hafe  cbarao- 
terixed  your  inveatigaLioua. 

The  Council  have  a^anlt  d  a  Kca  nl  Medal  to  Sir  William  Logan  for  liis 
geological  researches  in  Cauada,  aud  llic  construction  of  u  gcuiugicai  map 
of  that  colony. 

Sir  William  Logan  was  early  known  to  English  geologists  for  very  meri- 
torious work  in  the  Goal-fielda  of  South  Walca,  which  waa  highly  approved 
at  the  time  hy  the  authoritiea  of  the  I^Uah  Geological  Sanrey»  ind  ia  un- 
deratood  to  have  fumiahed  the  model  for  aimilar  anrreya  in  other  Britiah 
Coal-ilelda. 

In  1843  he  nndeitook  the  direction  of  the  Qeological  Snnrey  of  hia  nt- 
tive  country,  Canada*  inatttnted  hy  the  Pkorindal  GoTemment.  The  it- 
aolta  of  thia  aurvey  have  heen  pnbliahed  in  Annual  Beporta ;  and  a  htf ge  and 
important  Tolume  waa  pnbliahed  in  1863,  condensing  the  whole  of  the 
geological  and  paheontologiGal  information  which  had  been  amaaaed  by  Sir 
'William  and  the  assistants  who  acted  under  hia  direction. 

Under  difficulties  of  which  Britbh  geologists  acquainted  with  both  coun- 
triea  aiGmi  that  little  idea  can  be  formed  here,  he  haa  made  clear  the  rela- 
tions of  all  the  formations  of  Canada  to  each  other.  These  consist  of 
Lower  and  Upper  Lanrentian  rocks,  Huronian,  numerous  divisions  of  the 
Lower  and  Upper  Silurian  strata,  and  the  Devonian  series.  Most  of  these 
he  correlated  as  far  as  possible  with  the  European  series  and  witli  the  aub- 
divisions  described  by  the  American  geologists  of  the  United  States. 

One  of  the  most  important  services  that  Sir  W.  Logan  \\m  rendered  to 
geological  science  was  the  discovery  of  tlie  relations  oi  tlie  LauiciiUaa  rocks 
to  each  other  and  to  the  later  formatioui.   Theae  Laurentiau  rocka  had 
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been  previoiiily  only  called  granite  and  gneiss,  and  vaguely  oonfonnded  with 
granitic  and  gneissic  rocks  of  Silurian  age.  Sir  William  first  proved  their 
great  autiquity  by  showing  that  they  consist  of  strata  which  had  been  in* 
tensely  disturbed  and  metamorphosed  before  the  deposition  of  the  oldest 
Silurian  beds.  Next,  he  showed  that  the  Laurentian  rocks  consist  of  two 
ieries  of  metamorphic  strata,  and  that  the  Upper  Lanrentian  strata  or  gneiss 
lies  quite  nneonformably  on  the  Lower  Lauientian  nateee.  Thirdly,  he 
made  the  important  discovery  of  the  EoeooH  OanadeMe  in  the  Limestone 
beds  of  the  Lower  Laurentian  series. 

The  great  importance  of  this  discovery  becomes  manifest  when  we  con- 
sider tbe  evidence  of  the  enormous  antiquity  of  the  strata  ihm  proved  to  be 
fossilifcrous,  compared  with  the  Linp:nla-fla??s  and  Cambrian  strata,  in 
which  the  oldest  previously  known  fossils  had  been  found.  It  has  seriously 
modified  the  speculative  opinions  of  many  geologists  and  zoologists. 

Professor  Ramsay, 
I  will  beg  you  to  tranmait  this  Medal  to  Snr  WUliam  Logan,  m  testimony 
of  the  appreciation  by  the  Royal  Society  of  his  arduous  lahonn  m  the 
aocompliahmeiit  of  the  great  work  of  the  Geological  Survey  of  Canada, 
of  the  ciitieal  akill  and  acumen  which  he  has  manifested  in  its  eounet  and 
of  the  high  scientific  importance  of  the  diseoTeries  which  have  been  esta- 
blished by  his  investigations. 

On  the  motion  of  Dr.  Alderson,  Coll.  Eeg.  Med.  Prsses,  seconded  by 
by  Mr.  Caesar  Hawkins,  it  was  resolved, — *•  That  the  thanks  of  the  Society 
be  returned  to  the  President  for  his  Address  and  that  he  be  requested  to 
aUow  it  to  be  printed.'* 

The  Statutes  relating  to  the  election  of  Council  and  Orticcrs  having 
l>een  read,  and  Mr.  Stainton  and  Mr.  Ilanbury  having  been,  with  the 
consent  of  the  Society,  nominated  Scrutators,  the  votes  of  the  Fellows 
present  were  collected,  and  the  following  were  declared  duly  elected  as 
Ck)uncii  and  Officers  for  the  ensuing  year  :— 

President. — Lieut. -General  EdwarJ  Sabine,  K.A.,  D.C.L.,  LL.D* 
2V«<Mum-.— William  Alien  Miller,  M.D.,  LL.D. 

Se^yeianes     I  ^  '^^^""^  Sharpey,  M.D.,  LL.D. 

iGcorfje  Gabriel  Stokes,  Esq.,  M.A.,  D.C.L.,  LL.D. 
Foreign  Secretaiy. — Professor  AViiliam  Hallows  Miller,  !NL  A.,  LL.D. 
Other  Monhers  of  the  Council. — Frederick  Augustus  Abel,  Esq. ;  Wil- 
liam Benjamin  Carpenter,  M.D.  ;  Prof.  A.  Cayley,  LL.D.  ;  J.  Lockhart 
Clarke,  Esq.;  John  Evans,  Esq.;  Capt.  Douglas  Galton,  C.B. ;  John 
Peter  Gassiot,  l^q. ;  John  Hall  Gladstone,  Esq.,  Ph.D.  ;  Sir  Rowland 
Hill,  K.C.B..  D.C.L. ;  William  Huggins,  Esq.;  Prof.  Tlionias  iicnry 
Huxley,  Ph.D.;   Prof.  John  Phillips,  M.A ,  LL.D;   Prof.  Andrew 
Crombie  llamsay,  LL.D. ;  Colonel  William  James  Smythe,  H.A. ;  Lieut.- 
Col.  Alexander  Strange;  Thomas  Thoni«nn,  M.D. 
■    The  thanks  of  the  Society  were  voted  to  liie  iicrutators. 
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**  ObMTvations  on  the  Anatomy  of  the  Thyroid  Body  in  Man."  By 
Obobob  W.  Gallknder,  Lecturer  on  Anatomy  at  St.  Bartho- 
lomew's Hospital.  Commaoicated  by  Jambs  Fagbt,  Esq.  Re- 
ceived Jane  8, 1867*. 

By  examination  of  the  thyroid  body  in  the  feetus,  we  learn  that  it  has 
from  an  early  period,  much  the  same  relations  and  appearances  as  belong 
to  it  in  cluldhood,  and  during  the  adult  eondition,  and  we  obserre  those 
diTendties  of  its  parts  which  are  exceptionally  recognised  during  the  later 
periods  of  life.  We  may  thus  trace  out  the  origin  of  such  exceptions] 
conditionsy  and  notice,  more  especiaUy,  how  the  isthmus  of  Eustachins 
and  the  pyramid  of  Lalouette  are  connected  with  the  formation  of  the 
'  thyroid,  and  depend  for  their  after  characters  upon  early  changes  daring 
development  of  size. 

As  I  have  reason  to  believe  that  the  formation  of  the  thyroid  in  man 
may  be  fiurly  reexamined,  I  shall  venture  to  refer,  in  the  first  place,  to 
some  of  the  opinions  advanced  v^ith  regard  to  its  earliest  appearances. 

The  late  Mr.  Gray  f  has  alluded  to  the  views  of  Huschke,  Arnold,  Bi«- 
cfao£F,  and  Goodsir,  respecting  the  development  of  this  body.  It  is  enongh 
for  my  preaent  purpose  to  atate  that  Arnold  considered  the  thyroid  to  be 
developed  from  the  membranous  air-tube,  where  the  larynx  is  formed, 
whilst  Qoodsirt  thought  that  it  originated  in  that  portion  of  the  mem- 
brana  intermedia  of  Re'chert  which  remains  in  ronnexion  with  the  anas- 
tomosing  vessels  between  the  first  aud  second  aortic  arches,  or  carotid  aud 

•  Bend  June  20.  1867 :  see  abstract,  p.  24. 

t  Philosophical  Tmn3action3,  1852. 
X  Phil'joopljical  Transactions,  \6¥S. 

VOL.  XVI.  * 
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tubdavian  aitetiat.  At  fint»  be  fltatee*  no  iatlmros  is  obaenred  (in  sheep), 
but  presently  lateial  masses  join  across  and  in  front  of  tlie  base  of  the 
heart  and  root  of  the  neck.  Then  the  thyroid  separates  from  the  thymns, 
from  which  it  differs  in  not  being  divided  into  lobules.  Simon*  has  no 
reason  for  believing  that  its  origin  has  any  particular  relation  to  that  of 
the  thymus.  Undoubtedly,  he  adds,  there  is  a  period  when  it  is  im- 
possible to  say  how  much  of  the  unshaped  blastema  of  the  neck  belongs 
to  one  organ,  how  much  to  another,  but  so  soon  as  the  microscope  can 
discover  the  first  traces  of  their  development,  it  likewise  affords  unques- 
tionable evidence  of  their  distinctness,  and  shows  each  as  separate  in  itaelf» 
and  as  peculiar  in  structure,  as  at  any  later  period  of  growth. 

Handfield  Joncst  found  in  a  foetal  sheep  two  inches  long  that  the  thy- 
roid presented  the  usuiil  appearance  ;  it  possessed  an  isthnm?,  ntul  in  a 
human  fa  tus  of  four  months  and  a  half,  the  isthmus  appeared  of  the  same 
standing  as  tlie  lateral  masses. 

The  absence  of  an  isthmus  in  an  entire  class,  that  of  birds,  the  ohserva- 
tions  of  Gray  ou  the  formation  of  this  body  in  the  chick,  and  the  sugpjes- 
tioiis  ol  Meckel,  Cruveilhier  and  others,  countenance  the  supposition  that 
the  thyroid  is  developed  from  two  lateral  masses. 

There  are  no  reliable  observations  respecting  the  development  of  the 
pyramid,  but  Ilaller  and  Arnold  have  hazarded  the  opinion  that  it  i^  pro* 
bably  the  duct  of  the  thyroid  during  fcetal  life. 

In  describing  the  following  dissections,  I  may  state  that  the  flpedmeoi 
were  examined  as  they  came  into  my  possession  without  selection,  save  for 
age,  so  that  they  may  be  assumed  to  represent  very  fairly  the  conditions 
commonly  existing  during  fcetal  life. 

In  a  human  foetus,  measuring  in  length  eight-tenths  of  an  inch  (be- 
tween the  seventh  and  dghth  week),  the  thyroid  is  a  body  of  a  psle  yel* 
lowish  colour,  lying  across  the  firont  of  the  trachea,  just  below  the  mass 
out  of  which  the  cartilages  of  the  larynx  are  being  developed.  It  is 
doeely  connected  with  the  trachea  and  with  the  lower  edge  of  the  larynx, 
either  of  which  would  be  torn  in  endeavouring  to  remove  it,  but  the  thy- 
roid is  easily  uncovered  by  stripping  off  the  parts  superficial  to  it,  and 
'has  no  connexion  with  these  or  with  the  thymus  (fig.  I)^.  Although 
consisting  at  this  period  of  but  one  piece,  the  thyroid  is  deeply  notched, 
and  thus  looks  as  though  made  up  of  three  distinct  lobes,  one  sometimes 
bifid,  in  the  centre,  and  this  is  the  smallest,  and  another  on  either  side 
elongated  and  inclined  ujjwnrds  Ity  the  side  of  the  larynx.  Similar  divi- 
sions arc  seen  in  a  foetus  mea.^unuLr  two  inches  and  eiirht-tenths  in  length 
(fig*  2)§,  the  thyroid  cousistmg  of  three  lobesi,  one  being  central,  a 

♦  Esnay  on  the  Thymus  Oluiul,  1845. 

t  CyclopicdiA  of  Auatom^  and  Physiology,  ArU  Thyroid. 

X  This  ipwimen  it  in  the  Mawum  of  St  Bartholoinew't  HoBpitaL 

i  Saealioq»eoiiiMiiKo.  1. 
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aeoond  01:  the  right  side,  measuring  one^etith  of  an  inch  from  end  to 
end,  and  a  third  on  thfi  left  ode,  mMiaring  one-fourteenth  of  an  inch. 

Relationt  with  tht  Thymut, 

That  the  connexions  of  the  thTrold  are  from  the  first  wilh  the  larynx 
and  tmchea.  rather  than  with  the  thymus,  is  rendered  more  prohabb  by 
the  appearances  obserred  in  the  young  of  animals.  In  a  foetal  rabbit 
(fig.  S)\  eight'tenths  of  an  inch  long,  the  thymos  may  be  seen  to  con- 
sist of  two  lobolftted  masses,  lying  side  by  side  just  above  the  hear^ 
and  its  great  Tcssds,  broader  at  the  base  towards  the  thorax,  diverging  a 
little  as  they  pass  upwards,  and  ending  in  the  root  of  the  neck  by  a 
somewhat  pointed  extremity.  The  trachea  in  the  middle  line  is  sur- 
mounted by  the  larynx,  but  at  its  upper  extremity  is  a  minute  elevation, 
contrasting  by  its  pale  colour  witli  adjacent  parts  ;  and  connected  with  this 
are  two  divergent  ridgc«,  of  the  e-ame  pale  colour,  uliicli  embrace,  horse- 
shoe fashion,  the  lower  jjorii  tu  of  the  Inrvnx,  tn|nring  as  they  ascend, 
and  resembling,  so  far  as  the  mere  look  i.s  (.onccmed,  the  division  of 
the  trachea  at  its  lower  extremity  into  the  two  biuuchi.  In  a  fa;tal  pig 
(fig.  4)t,  one  inch  and  two-tenths  in  length,  the  tiiyroid  is  notched 
below,  thus  acquiring,  though  somewhat  indistinctly,  a  three-lobed  np- 
pearaucc ;  and  here  alsu,  whilst  firmly  attached  tu  the  trachea,  it  is  noway 
visibly  in  relation  with  the  thymus. 

One  cannot  bat  be  attracted  by  this  conoexion  with  the  trachea,  on 
which  tube  the  thyroid  (cfen  if  it  be  not  developed  from  the  membranous 
air-tube)  buds  and  attains  some  little  shse,  a  formation  reminding  one  of  that 
of  the  lungs  coming  out  from  the  firont  wall  of  the  cesophagus,  that  is»  from 
the  trachea,  and  of  the  view  of  Mr.  8imoo,  as  afterwards  expressed  by  the 
editors  of  Cuvtert  respecting  the  thyrmd,  "C'est  k  fauase  hranchie,  bran- 
chiole  des  pounons."  Indeed,  from  its  relation  to  the  air-tube  during  the 
early  period  of  life,  or  in  fish  to  the  vertebral  or  hyoidal  extremity  of  the 
^11,  from  its  curious  alternation  with  the  supplementary  gill  of  Broussonet^, 
and  from  its  structure  (KdUiker),  it  may  be  not  inaptly  referred  to  as  a 
pseudo-lung  rather  than  as  an  associate  with  the  thymus  and  the  so-called 
ductless  gUnds. 

I  may  add  that,  in  the  human  foetus,  no  distmct  evidence  of  the  thyroid 
appears  to  me  to  exist  before  the  sixth  week,  up  to  which  time  it  canno^  I 
believe,  be  isolated  from  the  structures  in  the  front  of  the  neck  ;  it  seems 
to  come  out  from  the  blastema  in  the  form  of  a  mass  in  front  of  the 
trachea,  which  tjuickly  acquires  an  imperfectly  lobed  condition,  b\it  I  have 
not  been  able  to  distinguish  at  any  period,  during  dcTelopment  of  aize^ 
three  completely  distinct  parts. 

♦  St  o  also  specimen  No.  8. 
t  8ee  aLao  speciiuea  Ho.  9. 

t  Letpm  d'anatomia  compu^  dM^it  toes  riii.  1846^  p.  678. 
§  Suium,  FhilMOphical  TmnaMtions,  1M4,  p.  901. 
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Th4  Isthmus, 

In  Ihe  diiseetioiis  alretdy  refencd  to,  the  pfctenoe  of  a  middle  portions 
imd  its  equal  developiBent  with  the  kteial  lobea»  leads  to  the  infeienee 
that  this  centnl  part  is  present  from  the  earliest  period,  and  that  the  thy- 
roid isthmus  is  not  formed  hy  a  growing  together  of  two  distinct  side- 
pieoes.  Tet  in  the  human  foetus^  at  four  months,  Fleischmann  and  Meckel 
say  that  thej  found,  as  thejr  described  them,  two  lateral  lobes  only ;  and 
the  hare,  for  example,  has  been  wntten  of  as  having  hut  two  distinct  lateral 
masses,  as  also  were  the  Cetaoea  until  Professor  Turner*  explained  that  the 
thyroid  of  a  well-grown  male  porpoise  was  a  single  mass  extending  across 
the  trachea,  of  which  the  median  portion  could  hardly  be  described  as  an 
intervening  isthmus ;  for  in  its  supero-inferior  diameter  it  equalled  that  of 
the  lateral  portion.  In  addition,  however,  to  the  dissections  already  de- 
tailed, I  have  exrtmined  the  thyroid  in  frctal  hares,  and  have  alwAys  found 
the  roiddle  jiortion  i'C|tmllv  developed  with  the  side  lobes,  and  hounded  by 
notches,  which  setm  to  define  it  from  them  (fi^.  5).  M^'ith  the  t^rowth 
of  this  foutus,  as  also  in  the  yonnj^  of  cats  and  of  dogs,  I  liave  oiiserved 
.  that  the  central  pai  t  appears  to  tlatten  and  to  lose  the  rounded  lobular 
condition,  and  sometimes  it  disappears  altogether. 

The  Lobes. 

Whilst,  however,  three  lobes  arc  cliicfly  indicated,  lesser  notches  may 
be  occasionally  seen,  and  continue  to  be  noticeable  the  fcetus  grows, 
though  they  are  very  irregular  and  uncertain.  Thus  in  a  iiunmn  fcctiis, 
three  inches  and  nine- tenths  long,  the  left  lobe  (fig.  Gjf  is  divido<l 
into  two  portions  by  a  deep  fissure,  one-half  of  it  asceuiimg  to  the  left  of 
the  middle  line  in  tVoiit  of  the  cricoid  and  thyroid  cartilages,  and  there 
are  other  notches  faiutly  ouLlinnig  a  middle  lobe.  In  a  foetus  four  inches 
ond  three-tenths  long,  the  middle  lobe  is  bifid,  a  cleft  dividing  it  above ; 
and  in  another  fcetus,  four  inches  and  six-tenths  long,  the  entire  thyroid 
is  very  irregularly  formed,  broken  into  sereral  lobes,  but  still  showing  at 
its  lower  maigin  a  dlmioii  into  three  chief  portions  (figs.  7  &  H)^. 
Here  also  a  proeess  ascends,  hudduig  out  from  the  left  side,  tapers  almost 
to  a  point,  and  ends  hy  being  fixed  to  the  under  suHaee  of  the  oo 
hyoides. 

Omittbg  lesser  Tarietiea,  I  will  describe  the  following.  The  thyroid 
from  a  fcetus  eight  inches  and  seven-tenths  long  (fig.  10)§,  consists 
of  two  diief  lobcs^  which  meet,  but  are  not  united,  in  the  middle  line, 
being  separated  by  a  deep  fissure.  From  the  left  lobe,  just  anterior  to 
the  lower  angle  of  th«  thyroid  cartilage^  a  smell  process  projects  upwards, 

*  Tranaaotioas  of  the  Boyal  Sooisly  of  Bdbburgh.  voL  niL  pb  3SiO. 
t  ThiaipadiiiMD  is  in  the  ICnteom  of  St  Bsrtliolonww's  HospitaL 
X  See  also  •peoimens  Non.  2  ai^  3k 
I  Sea  also  speeiiiMD  Ko.  6. 
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ftnd  resembles  the  bate  of  the  process  in  either  fi^nrc  6  or  7*  wanting  the 
•talk-like  continnation  towtrdi  the  os  hyoides.  The  right  lobe  is  some- 
what irregular  along  its  upper  border ;  but  just  where  it  reaches  the 
middle  line  there  is  a  lozenge-shaped  piece  of  gland,  more  closely  con* 
nected  with  tlie  right  than  with  the  left  lobe,  from  which  latter  it  is  sepa- 
rated by  a  distinct  fissure,  a  faintly  marked  line  extending  above  for  a  short 
distance  between  it  and  the  right  lobe.  Tliis  lozenge-shaped  portion  ascends, 
and  iij  adiierent  to  tlie  lowrr  imtcli  in  the  mitldle  line  of  the  thvroid  cnrti- 
lagc  ;  its  extroTnitios  are  j)onit( d,  and  the  lower  one  just  falls  short  of  the 
level  of  the  inlenor  marcin  of  the  lateral  masses.  In  another  foetus  (fig. 
1 1)*,  the  left  lobe,  three-tenths  and  a  half  of  an  inch  in  lene:th,  is  irregu- 
larly and  slightly  notched.  The  right  lobe,  traced  towartU  tlu  inid  Ue  line, 
shows  scarce  a  sign  of  a  middle  portion;  but  there  is  a  small  distinct  mass 
adhering  closely  to  it,  and  this  narrowing  rapitllv,  becomes  over  the  thy- 
roid a  sleudtr  hand,  and  can  bo  traced  upwards  unui  it  ends  by  adhering 
to  the  posterior  inferior  surface  of  the  hyoid  bone. 

The  evidence  obtained  from  these  dissections  goes  to  show  that  the^  thy- 
roid 18  connected,  in  man,  from  a  veiy  early  period  with  the  upper  portion 
of  the  air-tube.  It  does  not  consist,  at  all  events  after  the  seventh  week, 
of  distinct  lateral  masses,  and  the  appearances  it  presents  at  that  date  are 
in  favour  of  the  middle  portion  being  of  equal  standing  with  the  rest. 
It  is  marked  out,  more  or  less  distinctly,  into  three  principal  parts  or 
lobes,  but  these  are  united  at  the  seventh  week  of  foetal  life  and  form, 
save  exceptionally,  one  thyroid  body. 

The  isthmus  appears  to  consist  of  the  smaller  middle  division  uniting 
the  other  two,  but  there  may  be  an  absence  of  isthmus  through  fidlnre  of 
this  uniont,  the  middle  portion  joining  the  ri^t  or  left  lobe,  and  thus 
making  one  lateral  portion  larger  than  the  other,  a  condition  sometimes 
reeogniied  in  the  adult ;  or  a  small  middle  lobe  may  remain  distinct 
(fig.  10),  and  this,  with  the  various  irregularities  observable  in  the 
lateral  portions,  may  account  for  the  partial  and  isolated  outgrowths  of 
this  body  in  various  forms  of  goitre^. 

The  pyramid  of  Lalonette  may  be  seen  in  fig«?.  fi.  7,  10,  and  11, 
where  it  is  drawn  as  spring) ui^'  from  the  middle,  the  right  and  t\w  left  of 
the  thvroid.  It  is  very  conniionly  met  with  in  the  foetus,  aud  is  cli  arlv  an 
outlying  part  of  the  body,  ot  which  the  buds  seen  in  figs.  7  and  10  are  the 
simplest  forms,  and  the  cleft  of  the  left  lobe  in  fig.  6,  or  the  distinct  pro- 
cess in  fig.  8,  the  larger  development.  Just  as  the  connui  of  the  thyroid 
body  are  fixed  by  fibrous  tissue  to  the  wings  of  the  hyoid  bone,  so  also,  n« 
would  be  expected,  any  one  of  these  processes  is  equally  fixed  to  one  ut" 
the  adjacent  cartilages,  or,  if  prolonged  upwards,  to  the  os  hyoides,  as  in 

•  See  also  spe<"iin(»n  No.  7. 

t  Soe  Sir  A»tloy  C'cM)per'8  cpeciuiens  in  tlie  Museum  of  the  CoUepe  of  Surgeons,  O. 
\  In  the  Muisetim  of  the  College  of  Surgeons  is  a  specinien  eltowing  enlargement  oi 
the  middle  bbe  of  the  thyroid.  No.  Ifi04. 
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tig.  11.  In  the  adult,  the  pyramid  is  less  often  met  with  than  in  the  lu^tus' 
I  found  it  in  some  form  or  other,  in  ten  out  of  forty-two  adult  male  suh- 
jects,  in  the  foetus  four  times  in  eight.  Thus  it  is  probahle  that  these  out- 
growths from  the  foetal  thyroid  often  shrink  and  disappear  with  advancing 
years. 
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£Li^lanati<m  of  Figures, 

Fig.  1.  Thjrcld  from  hamut  fiatns  (cii^t-tentiis  of  aa  inoh  kmg).  about  Uum  tiniM 

the  natural  size. 

Fig,  2.  Thyroid  from  human  foetus  (two  inches  and  eight-tentlis  long),  natural  size. 
Fig.  3.  Thyroid  from  foetal  rabbit  (eight-teatlu  of  an  inch  long),  about  three  times 
the  natural  size. 

Fig.  4.  Thyroid  ftom  fotal  pig  (one  imdh  and  two-tenths  knig)»  about  time  timea 

the  natural  size. 

Fig.  5.  Thyroid  from  foptal  hare  (six  inches  long),  nntural  size. 

Pig.  fi,  Tliyroid  body  from  h\unan  foetus  (three  inclies  and  nine-tenths  long). 

Fig.  7.  The  same  (four  inches  and  three-tentlLs  long). 

Fig.  8b  Ilio  Mine  (finir  hMhee  end  lix-tenliis  long). 

Fig.  9.  The  ienie(sixinelieia]idlbiir^teQl]iBloiig>. 

Fig.  10  The  same  (eight  inches  and  eeren  tuthi  lOQg). 

Fig  1 1 ,  The  samp  (twelve  inches  long). 

FigH.  (>-il  are  drawn,  by  measuremeut»  the  eiaot  natural  size. 
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December  6, 1867. 

Dr.  WILLIAM  ALLEN  MILLER,  Treasurci-  and  Vice-PresideDt, 

in  the  Chair. 

It  was  announced  from  the  Chair  that  the  President  bad  appointed  the 
following  Members  of  Council  to  be  Vice-Presidents 

The  Treasurer* 
Dr.  Carpenter, 
Mr.  GasBiot. 

In  aeeordanoe  with  the  notice  given  at  the  hut  Meetings  the  question  of 
Col.  Le  Couteur^s  readukisslon  into  the  Society  was  put  to  the  ballot*  and* 
the  ballot  hanng  been  taken.  Col.  Le  Couteur  was  decfau«d  to  be  le- 
adndtted. 

The  following  commuriications  were  read  : — 

I.  ''On  some  Alterations  In  the  Composition  of  Carhonate-of- 
Lime  Waters,  depending  on  the  influence  of  Vegetation,  Animal 
Life^  and  Season.'^  By  Bobbkt  Waeinoion,  F.R.S.^  F.C.S. 
Beoeived  October  19^  1867. 

In  carrying  oat  through  a  series  of  years  the  principles  of  the  aqoarium 
for  sustaining  animd  life  in  a  confined  and  limited  portion  of  water  through 
the  medium  of  growing  vegetation  *,  I  had  observed  that*  daring  the  sum- 
mer months  of  the  year,  a  Gonsiderable  dqx>8it  made  its  appearance  on  the 
leaves  of  the  plants  and  the  glass  front  of  the  containing  vessel*  which  was 
found  to  eonidst  of  carbonate  of  lime  in  a  crystalline  condition.  This  de< 
posit  formed  a  nidus  for  the  growth  of  confervoid  vegetation*  which*  atcer* 
tain  seasons  of  the  year*  increased  very  rapidly.  These  observations  were 
alluded  to  at  one  of  the  Friday-evening  meetings  of  the  Boyal  Institution* 
March  27,  1857*  when  portions  of  the  deposit  were  exhibited*  and  its  com- 
position demonstrated  by  experiment. 

The  formation  of  this  deposit  was  then  explained  as  arising  from  the  fiut 
that,  as  the  summer  season  advances,  and  we  have  a  longer  continuance  and 
also  a  greater  intensity  of  the  light  of  the  sun,  the  absorption  and  conse^ 
quent  decomposition  of  carbonic  acid  by  the  plants  is  carried  to  a  much 
gre  at; T  extent,  while  the  quantity  of  carbonic  acid  produced  by  the  fish  re- 
mains unchanged.  The  solvent  of  the  carbonate  of  lime  contained  in  the 
Vi&tcr  being  thus  withdrawn,  a  deposit  slowly  takes  place,  iucrui>ting  the 
sides  of  the  Lank,  particularly  towards  the  light,  where  the  confervoid 
growth,  consequent  upon  it,  accumulates  in  large  quantities. 

In  continuing  these  observations,  my  attention  was  particularly  arrested 
by  the  steady  increase  of  deposition,  attt  n  J  iiit  upon  tlie  renewed  activity  of 
the  leaves,  during  the  spring;  and  this  detcrtniucU  ine  to  ascertain  l>y  expe- 
riment the  quantity  of  carbonate  of  lime  existent  in  tlie  water  at  fixed 
*  Quarterly  Journal  of  the  (.'hcmieol  Jiixrioty,  vol.  lii.  p.  02. 
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intervals  during  a  long  period  of  time.  And  inasmuch  as  the  degrees  of 
hardness,  indicated  by  the  measures  of  Clark's  ^oap-te^t,  presented  a  very 
rendv,  acniratp,  nnd  simple  means  of  arriviug  at  this  result,  that  riiocle  of 
eslaiialion  was  adopted,  care  being  taken  to  displace  any  uncombined  car- 
bonic acid  by  agitating  the  sample  with  atmospheric  nir  prior  to  the  addition 
of  the  test,  as  directed  by  T)r.  Clark,  the  indications  or  degrees  thus  ob- 
tained representing  the  quantity  ot  Hme  salts  contained  in  an  imperial  gallon 
of  the  sample  (/O'OOO  grains  of  distilled  water)  in  terms  of  carbonate  of 
lime. 

In  order  that  the  nature  of  the  experiment  may  be  more  clearly  under- 
stood, it  will  perhaps  be  better  for  me,  before  stating  the  results  thus 
obtained,  to  deseribe  biiefly  the  eootlraotioii  and  amngemeBt  of  ^ 
aquafiqiD,  its  poiition,  and  its  eootenta.  The  tank  oonaiated  of  a  icotan* 
gular  nnc  framing,  twenty  incbea  long  by  thirteen  broad,  and  twenty-ona 
In  depth,  haTing  slate  cemented  into  it  at  the  bottom  and  aidef^  and  being 
glazed  at  the  back  and  front.  It  was  filled  with  water  to  the  height  of 
twelve  inches,  or  a  Tolnme  equal  to  ten  gallons,  and  on  the  slate  sides  were 
cemented,  at  the  water-line,  ledges  of  roekwork  composed  of  sandstone  and 
tufaoeons  limestone  from  Matlock,  on  which  were  planted  a  few  ferns* 
chiefly  Trichomanes,  for  ornament.  Tha  bottom  of  the  tank  was  covered, 
for  about  two  inches,  with  a  mixture  of  sandy  loam  and  gravel,  into  which 
several  plants  of  the  FallUneria  spiralis,  the  vegetable  member  of  the  nr« 
rangement,  were  inserted.  Some  large  fragments  of  rough  roekwork^ 
principally  limestone,  were  also  placed  upright  on  the  bottom  to  break  up 
the  stiff  outline  of  the  square  framing,  and  give  a  pleasing  effect  to  theeye. 
The  animal  branch  of  the  circle  consisted  of  four  small  cnician  carp  with  % 
gold  carp.  Several  freshwater  niollusks,  principally  Planorbis  comeus 
and  Limneus  palustris,  wore  also  introduced  to  act  as  scavengers  and  con- 
sume the  decaying  vegetation.  The  tnnk  was  loosely  covered  with  a  p!a(e 
of  glass,  60  as  to  allow  of  a  free  udniissiou  of  the  external  air,  and  at  the 
same  time  kc  r|)  nut  a  great  deal  of  the  soot  and  dust  of  the  London  atmo- 
sphere  and  impede  tiic  too  rapid  evaporation  of  the  water.  As  the  Tricho- 
manes were  stated  to  delight  in  shade,  a  thin  muslin  blind  was  placed  over 
the  covering  glass. 

The  aqunrinm  was  located  in  a  window-way  having  an  ciistcrn  aspect,  but, 
being  surrounded  within  a  few  yards  by  the  high  walls  of  adjoining  houses, 
the  direct  rays  of  the  sun  only  reached  it  fur  about  three  honi  ji  in  the 
morning  dnring  the  months  of  June  and  July.  It  was  established  in 
January  1851,  and  has  not  since  been  disturbed,  except  by  occasional  sup- 
plies  of  distilled  or  rain-water,  to  replace  the  Umi  in  volume  arising  from 
evaporation.  It  had  been  my  custom  to  weed  out  the  excessive  growth  of 
the  Yallisncria  during  the  summer,  and  also  to  remove  some  of  the  flaky  de- 
posit of  calcareous  matter  from  the  surface  of  the  glass  nearest  the  lights 
bnt  aa  I  considered  that  such  disturbances  might  interfere  with  the  course 
of  the  invesligpition,  these  operations  were  discontinued. 
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The  results  tltnt  have  been  obtaiiicU  from  (hii  iuTettlgation  during  the 
years  Ititii  and  Ibii:^  are  ai  follows 

o     r  degrees  of  hardness,  or  grains  of  h'me  salt?, 

1861.  March  13  ....  26*2  -<      per  imptnal  gallon,  in  terma  of  carbonate 

[      oj  iinie. 

May      I  . . . .  19*5  „  „ 

July     S....I2*5  „ 

Attguat  1  . . . .  „ 

Sept.   17  •  * . .  15*0  M  I* 

Oet.     8  . . . .  I9*5  M  >t 

Nor.    12  ... .  18*0  „  „ 

iDeo.      0  . « •  *  20*fi 

1862.  Jan.  8  . . . .  2S-6  „  „ 
Feb.  8  . . . ,  25*0  «,  „ 
March  3  . . . .  23*0  „  „ 
April  3....  21*0  „  „ 
Hay  8 ....  19-0  »,  „ 
June     4  ....  16*5  „  m 

July      4  14  0  „  „ 

August  5  ....  12*0  „  tr 

Sept.     2  . . . .  12*5  „  M 

The  atnomit  of  ealcareooi  matter  diaaoWed  will  be  seen  to  hafe  eteadOy 

decreR.<ied  daring  the  epring  and  summer  months,  from  its  maximum  hi 
March  1861  and  February  1862  to  Its  minimum  in  July  1861  and  August 
1862,  and  then  to  have  increased  as  steadily  during  the  autumn  and  winter 

months. 

Part  of  this  hardness,  howerer,  unquestionably  arose  from  the  presence 
in  the  water  of  other  salts  of  lime  besides  the  carbonate.    To  determine 

how  mnch  wns  the  next  pohit  for  investigation.  Portions  of  the  water 
were  taken  on  several  occasions  and  boiled  for  n  considerable  time,  filtered, 
and  the  volume  restored  to  its  orimnal  l)ulk  with  distilled  water.  On  ex- 
amining  those  portions  witli  the  ?oaj)-test,  it  was  found  that  the  hardness 
was  lowered  to  5  6  degrees,  eqnivalcat  to  5  0  grains  of  carbonate  of  lime. 
But  inasmuch  as  carbonate  of  lime  is  soluble  m  water  to  the  extent  of 
2  -1  grains  in  the  imperial  gallon*,  this  will  be  reduced  to  .'i'2  grains,  which 
auiuunt  will  therefore  have  to  be  deducted  from  each  of  the  above  results, 
ill  order  to  arrive  at  the  true  quantity  of  carbonate  present  in  solution. 
The  maximum  and  minimum  results  will  then  staud  thus : — 


CaO,  COj  in  tliu 
imperial  gallon. 

1861   

'  I  Minimum   0*3 


CaO,CO,in  the 
imperial  gallon. 

j  \  Maximum  21*8 

I  Minimum   8*8 


*  Chmfeal  Bcpoft  on  the  Bupplj  of  Water  to  the  Melropotii,  Jtme  17, 1861|  liy 
Metiirrf .  Q  r  ahnn,  HiU«r,jNid  Heftuiui ;  end  Qnarteriy  Joumal  of  the  Gfaemioal  flooielyt 
vol.  ir.  p.  381. 
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The  data  thus  obtained  will  help  to  elucidate  several  very  importnnt  niul 
interesting  phenomena  in  respect  to  all  the  three  elements  of  the  arrange- 
ment— the  water,  the  iUh«  aqU  the  vegetation. 

I.  Hke  Water. 

the  iuiportauce  of  growing  submerged  vcgetatioti  in  tnaintaining  water^i 
rich  in  carbonate  of  lime,  in  a  meliorated  state  by  diminishing  their  hard- 
ness has  been  clearlj  demonstrated  by  the  foregoiug  data ;  and  how  neces- 
sary, therefore,  it  is  that  this  association  shonld  be  kept  in  view  whenever 
a  soft  and  healthful  water  is  required  for  domestic  purposes.  Unfortunately 
this  appears  hitherto  not  to  have  been  well  onderstood,  or  at  all  events  has 
been  little  attended  to,  since  the  very  agent  which  has  been  provided  na- 
turally for  effecting  these  beneficial  results  has  been  most  commonly 
regarded  as  an  evil,  and  studiously  eradicated  in  all  directions.  These  data 
will  also  explain  the  cause  of  the  rapid  growth  of  v^tation  in  weU-waters 
rich  in  carbonic  acid,  when  pumped  into  tanks  or  reservoirs  and  exposed  to 
the  full  light  of  day.  The  plant-germs,  naturally  contaiued  in  the  water 
or  absorbed  from  the  atmosphere,  being  supplied  with  an  abundance  of  ap- 
propriate nourishment,  rapidly  vegetate,  and  the  containing  vessels,  parti- 
cularly during  the  summer  months,  soon  become  thickly  coated  with  a 
dense  confervoid  growth. 

It  will  also  follow  that  all  fish,  as  generators  of  carbonic  acid,  should  be 
excluded  from  waters  flowing  over  carbonate-of-lime  strata,  and  intended 
for  the  supply  of  towns  &c.,  as  tending  to  increase  their  hardness.  Of 
course  the  absence  of  calcareous  matter  would  prevojit  such  an  effect  taking 
place— a  fact  borne  out  by  the  well-known  softness  of  springs  and  rivers 
flowing  r>nt  of  or  over  granite  or  saudstonc  rocks,  even  when  tliickly  inha- 
bited by  the  scaly  in  be. 

2.  The  Fish. 

It  is  well  known  ihat  water  has  the  property  of  absorbing  air  from  the  sur- 
rounding atmospliere,  and  holding  it  in  solution  to  the  extent  of  from  one- 
l\)rtieth  to  one- thirtieth  of  its  volume,  not,  however,  withuut  somewhat 
changing  the  proportion  of  its  constituents;  for  when  the  absorbed  air  is 
abstracted  from  water  it  usually  contains  about  thirty-two  per  cent,  of  oxy- 
gen gas,  instead  of  twenty-one.  This  oxygeit  is  converted  by  the  respiration 
of  the  fish  into  carbonic  acid,  which  is  held  dissolved  by  a  still  stronger 
affinity,  the  water  being  capable  of  retaining  as  much  as  its  own  volume 
of  this  gas  in  solution  at  the  ordinary  temperature  and  pressure  of  the 
atmosphere. 

In  the  aboTe-described  arrangement  the  carbonic  acid  thus  produced  is 
absorbed  by  the  submerged  vegetation  under  the  influence  of  the  8un*s 
light ;  the  carbon  is  appropriated  for  its  growth,  while  the  oxygen  is  again 
liberated  and  held  in  sdution  by  the  water,  provided  the  evolution  is  not 
too  rapid,  nn  effect  produced  by  too  great  an  exposure  to  the  sun's  light. 
When  this  is  the  case,  much  of  the  oxygen  necessarily  escapes  into  the  air 
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in  a  ga.«eous  state  and  is  lost.  Daring  the  winter  season,  however,  when 
the  active  functions  of  vegetation  are  to  a  great  extent  dormant,  from  the 
diminisIiGil  quantity  and  intensity  of  the  sun's  light,  the  amount  of  car- 
banic  acid  produced  by  the  respiration  of  the  fish  is  greater  than  the  plants 
are  capable  of  consuminir,  and  the  excess  must  necessarily  accumulate  in  the 
water.  Were  the  production  of  carbonic  acid  contiucd  to  a  sliort  period, 
the  water  would  doubtless  right  itself  after  a  time,  the  poisonous  gas  passing 
away  and  fresh  atmospheric  nir  being  absorbed.  As,  however,  the  jiroduction 
of  carbonic  acid  is  constant,  this  auiclioratinf!:  action  can  have  little  effect; 
the  water  most  remain  always  higlily  charged  with  carbonic  acid.  Here,  then, 
its  solvent  action  on  the  carbonate  of  lime,  present  in  the  rockwork  and  gra- 
Tel,  comes  into  play,  and  the  hardness  of  the  water  is  gradually  increased  in 
proportion  ris  t  he  light  diauiiishes.  Now,supposing  for  an  instant  that  nocar- 
bonate  ul'liuie  had  been  present  in  the  arraiigeaicut,  the  qucstiuu  arises,  Avhat 
must  then  have  ensued?  The  fish  would  have  continued  to  respire,  and  would 
prodace  carbouic  acid  as  before,  which,  remaining  in  a  free  state  dissolved  in 
the  water,  wonld  nnqneationably  have  hud  a  most  detrimental  eSbct  upon 
their  health.  Every  one  must  have  noticed  the  manner  in  which  the  golden 
carp  confined  in  a  globe  of  water,  in  which  there  is  no  growing  vegetation 
to  decompose  the  earbonic  acid  generated,  or  no  limestone  to  combine  with  it, 
rise  to  the  suriace  and  continually  gulp  in  the  air  required  for  their  vital 
functions.  Nothing  whatever  of  this  kind  has  ever  been  noticed  in  the 
aquarium  under  coiuiideratiou,  although  the  qnantity  of  carbonic  acid  dis* 
solved  in  the  water  has  been  at  times  very  large. 

From  the  experiments  of  Bischof  *,  we  glean  that  the  carbonic  acid  con- 
tained in  a  saturated  aqueous  solution  is  entirely  displaced  by  a  current  of 
atmospheric  air  passed  through  it  for  five  minutes ;  and  also  t  that,  by  the 
same  means,  a  solution  of  carbonate  of  lim^  in  water  previously  saturated 
with  carbonic  acid,  will  have  all  the  excess  of  gas  displaced  in  fifteen  mi- 
nutes, leaving  the  water  with  bicarbonate  of  time  in  solution.  It  is  in  this 
form  of  combination  that  MM.  Peligot  J  and  Poggiale  §  considen.  the  car- 
bonate of  lime  to  exist  in  the  water  of  the  Seine,  and  M.  Bineau  |!  in  that 
of  the  llhone,  in  whicli  rivers  they  state  there  is  no  free  carbonic  acid.  In 
the  present  investigation  we  sli;dl  therefore  assume  it  to  be  in  the  snfue 
Ftnte  of  combination.  We  have,  in  the  series  of  experiments  detailed 
nbc  v;  ,  I'll  increase  in  the  quantity  of  carbonate  of  lime  held  in  solution, 
aniountintr  to  l-4*2  g;rrtins  in  the  iuij)(.'rial  gallon,  which  would  rctpiirc  nearly 
6j  grains  of  carbonic  acid  -as  to  dissolve  it.  Besides  this  there  is  also  the 
quantity  already  present  in  the  water  at  its  roinimum,  which  amounts  to 
nearly  four  grains  more,  or  in  all  to  about  ten  grains,  equal  to  nearly 

*  Biaehofs '  Etemfnts  of  Cbemieal  Cbdlogy,'  CareiidMh  Boeidij's  edition,  fol.  iii.  p.  5. 
t  Op,  eii,  Tol.  iii.  p.  7. 

♦  CoMipffs  H<>iulus.  V .1.  \1.  p.  ll'2\,  ami  Biscliofs'  '  ElrMn'^nt'!,'  vol.  iii.  p.  117. 
§  J(iurii;il  do  rtiarni.'u     vol.  xxviii.  p.  .T21,  aud  op.  cit.  vol.  iii.  p.  IIH. 

II  Conipteu  Beudus,  vol.  xli.  p.  Oil,  and  oj>.  cit  vol.  iii.  p.  118. 
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215  cubie  inches  of  that  gas  in  the  ten  gnllons  of  water,  or  more  thanilj|th 
it!  Tolame.  The  exftet  liumbere  will  be  leen  in  the  foUowiDg  Table • 

CaO,  CO,  in  the  gBlloik  CO^ 
1  ur  1  J  ^lAximum  23*0  gvatns,  requiring  10*120  grains  to  form  CaO»2CO^. 
*°^^\Mimnmm   9'3    „         „       4092    „       „  „ 


/Maximum  21*8  „       9-592    „       „  „ 

\  Minimum    88     „  „  3-872 


1862 

Carbonieacid  required  to  dissolve  the  increase  6*218  grainsa  1 3*269  cub.  in. 
M  w         minimum  3-872     „      8*228  „ 


10«120     „  21*407 


»• 


Yet,  ftlt]ioiiB:h  the  quantity  of  poisonous  gns  had  been  thus  increased,  we 
find  uo  deleterious  action  on  the  hcaltli  of  the  fish,  no  disturbance  in  the 
ordinary  respiration,  no  gulping  at  the  surface  of  the  water  for  fresh  air. 
It  is  quite  evident,  therefore,  that  the  carbonic  acid,  by  entering  into  com- 
bination with  carbonate  of  lime,  however  weak  that  combination  may  be, 
is  thereby  rendered  perfectly  innocuous,  and  a  wobderfnl  proviilon  is 
thne  lAwM  Ihr  piemting  thii  poieonoiti  agent  Arom  becomuig  fttal  to 
animal  life. 

We  turn  now  to  the  next  member  of  onr  amngement. 

It  trill  be  seen  ftom  the  fbregoing  numerical  reaulte  that  the  maximum 
quantity  of  dissolved  carbonate  of  lime,  and  otmtequently  of  carbonic  add» 
ia  found  joat  before  the  period  of  the  refiviog  energies  of  the  plant^s  growth . 
namely,  the  ipring  time  of  the  year,  when  the  days  are  lengthening  and  the 
•Qu'a  light  ii  continually  increasing  in  strength  ;  the  minimum  quantity 
nhen  thia  growth  has  attained  its  greatest  exuberance,  namely,  when  the 
eummer  months  arc  past  and  the  light  is  beginning  to  decrease  in  its  in- 
tensity and  the  days  to  shorten.  So  exactly,  indeed,  are  the  energies  nf 
the  plants  regulated  by  the  amount  of  light  to  which  they  are  exposed,  tli:i! 
a  constant  arrangement,  siich  as  that  here  di'scribed,  affords  an  excrllent 
iudicatiou  of  the  vnriution  of  ihe  seasons  in  ditiVrent  years,  or  nii^lit  even 
be  made  a  rough  measure  of  the  total  amouut  of  light  from  mouth  to 
month. 

But  while  the  di-mand  for  carbonic  acid  on  the  part  of  the  plant  vanes 
in  this  niaiuu  I  \vith  the  seasons,  the  amount  of  that  ens  produced  by  the 
respiration  of  the  tish  is  very  nearly  the  sanu-  ail  iliiuugh  the  year.  "Whence, 
then,  does  the  plant  obtain  that  additional  quantity  of  food  which  its 
stimulated  energies  require  during  the  &])ring  and  early  summer  months, 
and  which  ita  rapid  and  luxurious  growth  show  to  be  readily  sujiplied  ? 
Alter  Vrhat  has  been  stated,  I  think  the  source  must  be  apparent  to  emj 
one — ^it  is  from  the  carbonic  acid  which  has  been  gradually  accumulated, 
and  rendered  iunocuoua  to  animal  life  from  ils  being  held  in  combination 
with  carbonate  of  lune^  in  eo  marreUona  a  manner  during  the  winter 
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months.  Stored  up,  yet  held  in  feeble  combisatioDf  aoombiiuiftiimtQ  wcik 
that  the  viud  foroei  of  the  fresh-growing  yegetoCiou  can  easily  OTercome  it, 
and  resolve  onee  more  Into  carbonate  of  lime,  carbon,  and  oxygen  the  bi- 
carbonate of  lime  contained  in  the  water  *. 

Thus  bcnnti fully  are  the  nccessnry  irregnhrities  in  the  purityin?  action 
of  the  plant  compensated  and  provided  for,  tlmt  the  balance  ol  existence 
bc  t\\  reii  the  animal  and  vegetable  orj^anisms  be  not  disturbed  or  overthrown, 
and  thus  additional  proof  is  furnirihtd,  if  surli  were  needed,  of  the  wisdom 
of  that  creative  power  that  iias  ordcrt  d  all  tiungs  to  work  loi^ether  for  good, 
and  by  endowing  certain  bodies  with  such  seeuiiugly  minute  and  insignifi- 
cant afilnities,  maintains  the  glorious  harmony  of  the  whole. 

11.    Results  of  Observations  of  Atmospheric  Electricity  at  Kew 
Observatory,  and  at  Windsor,  Nova  Scotia.''   By  Joseph  B. 

EvERErr,  D.C.L.,  F.R.S.E.,  Assistant  to  the  Professor  of  Ma- 
thematics in  the  University  of  Glasgow.  CommunieuLed  by  Sir 
WiLiiiAM  Thomson.    Ueceived  October  14,  1867. 

(Abstract.) 

The  paper  commences  with  an  account  of  the  conduding  observations 
taken  by  the  author  at  Windsor,  N.S.,  of  which  the  previous  portion  has 
already  been  published  in  the  '  Proceedings,*  vols.  xii.  &  xiv. 

It  then  goes  on  to  describe  the  self-recording  apparatus  employed  at 
Kew  ObsiTvatory  for  the  observation  of  atmosplieric  electricity,  and  the 
method  of  procedure  enijiluycd  in  measuring  and  reducing  the  curves  thus 
obtained,  this  |)ortion  of  the  work  having  been  performed  in  the  Physical 
Laboratory  of  the  University  of  Glasgow. 

Tables  are  given  sliowiug  the  mean  hourly  values  of  the  electrical  potential 
for  each  month,  and  the  mean  inunthly  values  are  hence  derived.  These 
values  for  Kew  art  coaipiiirJ  witli  the  corresponding  values  for  Windsor, 
N.S.,  and  remarkable  difl'eiencts  are  shown  to  exist  between  the  curyes, 
both  diurnal  and  annual,  for  the  two  places. 

The  hourly  means  at  Kew  for  the  mean  of  the  year  are  represented  by 
the  following  numbers : — 


23'^ 

0* 

l** 

2" 

a'* 

5* 

6* 

7* 

1-91 

1*96 

I '92 

1*93 

1*93 

2*08 

2*29 

2*68 

2-86 

8' 

9^ 

lO** 

IP 

12" 

13* 

14* 

16* 

2-96 

2-93 

274 

2*42 

2*12 

1*86 

1*68 

1*68 

1*64 

17' 

18' 

19^ 

20^» 

21' 

22* 

1-52 

1-64 

1-96 

2*26 

2*28 

2*13. 

These  numbers  indicate  a  principal  maximum  between  8*  and  9*,  and  a 


*  The  rapiil  growth  of  submersfed  TP'^'otAtioTi  in  rivers  and  watiT.-*  containing  n  con- 
sidorable  anioutil  uf  eai'buuaU;  of  linio  ituist  have  been  observed  b^'  uii  iitteivsted  iu  the 
iulqeet,  hi  some  oam obliging  tin  oleansing  of  nudi  atrauns  Itoee  or  four  tuii«a  during 
thejesr. 
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seconrhry  maximum  between  20"  and  21*'.  At  Windsor,  on  the  otlier 
hand,  the  mean  potential  nbnnt  9*'  wns  in  every  month,  withont  excep- 
tion, less  than  at  the  other  principal  times  of  observatioo,  viz.  about  21^ 
and  14\ 

The  following  Table  shows  the  ratio  of  the  mean  monthly  to  the  mean 
annual  potential  for  the  whole  series  of  observations  at  both  places  :-— 

Kew. 

1862   


June 
July 
Ang. 
Sept 
Oct 
Not. 
Dec. 
Jan.  ] 
Feb. 
March  „ 
April 
Maj 


ff 


9f 


$» 


»* 


$9 


OcL  1862 

N0¥. 

Dec. 


» 


»9 


Fab. 

March  „ 
Ajril 
May 
June 
July 
Aug, 
Sept. 


99 


99 


99 


99 


99 


99 


99 


•770 

June 

1863 

•773 

July 

99 

•836 

Aug. 

99 

•845 

Sept. 

99 

•981 

Oct. 

99 

1-600 

Nov. 

99 

M88 

Dec. 

r033 

Jan. 

1864 

1-333 

Feb. 

>• 

M60 

March 

•920 

April 

99 

•672 

May 

99 

WindtDr,  K.8. 

•832 

Oct. 

1863 

•766 

Not. 

99 

1*010 

Dec. 

9* 

1-057 

Jan. 

1864 

1*432 

Feb. 

99 

1-396 

March  „ 

1-023 

April 

99 

•796 

May 

99 

•720 

June 

99 

•755 

July 

99 

Aug. 

99 

•985 

•681 
•643 

•685 
•854 
1000 
1-390 
\'460 
1-226 
1-263 
1-375 
•831 
•549 


1863    1*033 

  -949 

,   MIO 

  M26 

  ? 

,   1-416 

  1-026 

,   -985 

  -799 

  -885 

  (-862) 


The  last  atep  In  the  reductions  consisted  in  expressing  the  variations, 
both  diurnal  and  annnal,  at  Kew,  and  the  annual  variations  at  Windsor,  by 
the  first  two  terms  of  an  harmonic  series. 

In  the  case  of  the  diurnal  variations  at  Kew,  the  amplitudes  of  the  two 
terms  were  nearly  equal,  but  the  epoch  was  much  more  uniform  in  its 
values  (whether  in  comparing  one  year  with  the  other  or  in  comparing  one 
month  with  another  in  the  same  year)  for  the  second  term  than  for  the 
first. 

In  the  case  of  the  annual  variations,  the  amplitude  of  the  second  term  at 
Kcw  was  almost  inappreciable,  while  nt  Windsor  it  was  greater  than  that 
of  the  firitt  term. 
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III.  "On  the  Orders  and  Genera  of  Quadratic  Forms  containing 
more  than  three  Indeterminates/'  By  H.  J.  Stephen  Smith, 
M.A.,  F.R.S.,  Savilian  Professor  of  Geometry  In  tlic  University 
of  Oxford.— Second  Notice.   Received  October  30,  1867. 

The  principles  upon  which  qaadratie  forms  ire  distributed  Into  orders 
and  genera  have  been  indicated  in  a  former  notice  (Proceedings  of  the  Bojal 
Soeietj,  voL  xiii.  p.  199).  Some  further  results  relating  to  the  same  sab» 
ject  are  contained  in  the  present  oommonication. 

I.  The  Dejitiilion  of  the  Orders  and  (ienera. 
Retiuning»  with  some  exceptions  to  which  we  shall  now  direct  attention, 

the  iiotation  and  nomenclature  of  the  former  notice,  \vc  represent  hx  f  a 
primitive  quadratic  form  containing  n  indetcrminates,  of  which  the  matrix  is 

I  A|,*i  11 ;  •  *  fundamental  concomitants  of/„  of  which  the 

last  is  the  contravariant.  The  matrices  of  these  concomitants  arc  the  ma- 
trices derived  from  the  matrix  of/^,  so  that  the  first  coefficients  of/^y^  . . « 

/,_,.  are  respectively  the  determinants  |  a!'  I,  !•  a!','.  •  •  .Ta-.T'I  ^^^^^ 
with  their  proper  signs.    The  discriniiiuuiL  of  /j,  i.  c.  the  determinant  of 

the  matrix  |  A^jl,  which  is  supposed  to  be  different  from  xero,  and  which 
IS  to  be  taken  with  its  proper  sign,  is  represented  by  v^.  The  greatest 
common  divisors  of  the  minors  of  the  orders  n— 1,  n— 2,  ...  2,  1  in  the 
same  matrix  are  denoted  by  Vn.,v  ^n-p  *  *  ^i'  which  the  last  is  a 
unit;  we  shall  presently  attribute  signs  to  each  of  these  greatest  common 
divisora.  The  quotients 

^rl^Y-^,  ....  Zi^Vj. 

which  are  always  integral,  we  represent  by        ^m^tt  •  • .  Ii ;  so  that 

I 

The  numbers  I,»  . .  are  the  first,  second, ....  last  invariants  of  the 
form  /,,  and  remain  unchained  when/,  is  transformed  by  any  substitution 
of  which  the  (k  tc  rrninant  is  unity  and  the  coofiieients  integral  numbers. 
Forms  which  have  the  same  invariants  have  of  conrse  the  same  discrimi- 
nant ;  hut  (if  the  nnmbcr  of  iiuletcrminates  is  greater  than  two)  forms  which 
have  tlie  same  di^rriniinant  do  not  necessarily  have  the  same  invariants ; 
for  example,  the  quaternary  forms 

have  the  same  discrminnnt  !  2,  but  their  invariants  1^,  I^^  I,  are  respectively 
1,  2,  3,  and  1,  1,  12.  As  forms  which  have  the  same  discriminant,  but 
different  invariants,  do  not  ncce?carily  have  any  close  relation  to  one 
another,  we  shall  not  employ  the  discriminant  in  the  classification  of  qua« 
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dratic  forms;  but  we  shall  regard  tlie  infinite  iiutnber  of  forms,  which 
have  the  same  invariants,  as  corrcspondinj^,  in  the  general  theory,  to  the 
intinite  number  of  forms  which  have  the  same  determinant,  in  the  tbeoi^  of 
binary  quadratic  forms. 

If  the  index  of  inertia  of  the  form  /  is  i.  c.  if  /j  can  be  transfornu-d 
by  a  substitution  of  which  the  coefficients  arc  real  into  a  sum  of  /•  positive 
and  ;<-~/i  negative  squares,  we  aunbiite  to  the  invariant  I^.  the  sign  — ,  and 
to  every  other  invariant  the  sign  Thus  the  numbers  V,.  Va»  •  •  •  Vk^^^ 
all  positive;  Vi^i-  •  •  •  V„  are  alternately  negative  and  positive,  so 

that  the  discrimiuaut  v„  is  of  tlic  same  sign  as  ( —  1)"-*,  as  it  ought  to  be. 

This  convention  with  respect  to  the  signs  of  the  invariants  will  enable  us 
to  compreliend  in  the  same  formukc  tlie  theory  of  the  generic  characters 
of  forms  of  any  index  of  inertia.  We  shall,  however,  suppose  that  the 
index  of  inertia  is  at  least  1,  i.  e.  we  shall  exclude  negative  definite 
forms.  The  invariants  of  a  positive  dehuiie  form  are  all  positive ;  and 
the  index  of  inertia  of  any  indefinite  form,  of  which  the  invariants  are 
giTen,  is  always  indicated  by  the  ordinal  index  of  its  negative  invariant. 
We  shall  represent  by  D  the  product  — Ij  x  ^I^x  x  . . . ,  the  last 
Ikctor  heing  ^-In.!)  or  — 1„_2»  according  as  11  is  eren  or  uneven. 

If        A  the  forms  d^*  da>  ^st  •  •  •  ^^-i  ^     primitive  concomitants, 

and  the  last  the  primitive  contravariaut,  of  /,  or  6, ;  each  one  of  them  IS 
either  uneven,  i.  e.  properly  primitive,  or  even,  f.  e.  improperly  primitive. 
Two  ibrms,  which  have  the  same  invariants,  are  said  to  belong  to  the  same 
order  when  the  corresponding  primitive  concomitants  of  the  two  forms  are 
alike  uneven  or  alike  even.   When  the  invariants  are  all  uneven,  and  the 
number  of  the  indeterminates  is  also  uneven,  there  is  but  one  order,  none 
of  the  primitive  concomitants  beiog  in  this  case  even.   Again,  when  the 
invariaAtt  are  all  uneven,  and  the  number  ft  of  the  indeterminates  is  even, 
there  is  either  one  order  or  two,  according  as  D=  — 1,  or  ^  + 1,  mod  4 ; 
for  in  both  cases  there  is  an  order  in  whidi  all  the  primitive  concomi- 
tants are  uneven,  and  in  the  latter  case,  besides  this  uneven  order,  there 
Is  an  even  order,  in  which  these  forms  are  alternately  even  and  uneven,  the 
two  extreme  forms  6^  and      bdng  even.   In  the  general  case,  when  the 
invariants  have  anj  values  even  or  uneven,  if  I^  is  even,  0^  cannot  be  even ; 
again,  if  If  is  one  of  a  sequence  of  an  even  number  of  uneven  invariants, 
preceded  and  followed  by  even  invariants,  d|  cannot  be  even.   But  if  there 
be  a  sequence  of  an  uneven  number  of  uneven  invariants  I^,        . .  I,-^ 
preceded  and  followed  by  oven  invariants,  the  sequence  of  primitive  con- 
comitants    6,  f . .  .  ^i^.^j  are  all  uneven  if  0,  is  uneven,  and  are  alter- 
nately even  and  uneven  if  6,-  is  even  ;  a  sequence  of  forms  or  invariants  may 
consist  of  a  single  form  or  invariant.  We  attribute  tlie  value  0  to  the  sym- 
bols lo  and     the  value  1  to  the  symbols  0^  and  <^^i  thus  the  iuvariaui  1^ 
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is  ahraya  to  be  regarded  as  preceded  by  ao  eren  Invariant,  and  I..,  as  fol- 
lowed by  an  even  invariant;  sitnilarly  the  forma  0,  and  are  to  be  re- 
garded ai  req^ecthrely  preceded  and  followed  by  nneren  fonne.  Two  even 
ibrma  cannot  be  consecntive  in  tbe  aeries  d, . . 

The  preceding  observations  enable  ns  to  assign  all  tbe  orders  which  may 
exist  for  any  given  invariants ;  if  the  series  of  invariants  lo,  I|, . . . 
present  w  diffnent  sequences  each  eonsbting  of  an  uneven  number  of  un- 
even invariants,  preceded  and  followed  by  even  invariants,  there  are  2**  as- 
signable orders.  These  orders^  in  general,  all  exist ;  there  are,  however> 
the  following  exceptions  to  this  statement  i — 

(1)  If,  the  number  of  indetcrminates  being  even  and  equal  to  2r,  D  is 
uneven,  there  is  an  assignable  order  in  which  the  ooncomitants  d.*  *  •  •  ^ 
are  alternately  even  and  uneven.  Bnt,  as  has  been  already  said,  this  onler 
does  not  exist  if  Ds — 1,  mod  4 ;  and.  If  the  invarianU  are  all  squares, 
it  does  not  exist,  even  if  D  ^  1,  mod  4,  unless  the  equation 

(-1)  •   -(-1)  • 

(ill  \viiich  k  is  the  index  of  itiertia)  is  also  satisiied. 

(-)  ir,  the  number  of  indeterminates  being  uneven  and  equal  to  'Iv-^-l, 
D  is  uneven,  and  I^^  even,  there  ia  ag;iiii  an  assignable  order  in  which  the 
concomitants  0,,  ,  .  .  0%p  are  alternately  even  and  uneven.  Bat,  when  13" 
is  (.he  double  of  a  square,  and  the  other  invariants  are  squares,  this  order  doca 

not  exist  unless  the  equation  (-1)*  ^"'"'^ =(—!)*  *^*~*\m  which  ^  is  still 
the  index  of  inertia;  is  satisfied. 

The  reciprocal  case  (that  obtained  by  changin-  I,  and  d,  into  and 
for  every  value  of  .s  from  (I  to  n)  presents  a  suuilar  exception,  which 
it  la  not  necessary  to  enunciate  separately. 

The  generic  characters  of  the  form  9  ,  or,  more  properly  of  the  sysLem  of 
concomitant  forms  9,,  9^,  .  .  .  so  far  asi  iht  y  depend  on  uneven  primes 
divulisig  the  iuvhiiiiiiLs,  have  beea  aheady  defined  in  the  former  notice,  and 
the  definition  need  not  be  repeated  here.  These  characters  we  shall  term 
the  principal  generic  characters  of  the  system.  When  the  invariants  and 
primitive  concomitants  are  all  uneven,  the  principal  characters  are  the  only 
generic  characters,  with  the  exception  of  a  certain  character,  which  we 
shall  define  hereafter,  and  of  which  the  value  is  not  independent  of  the 
print  ipal  characters.  In  other  cases,  the  forms  of  the  concomitant  system 
may  acquire  generic  characters  with  respect  to  4  or  8 :  these  we  shall  term 
supplemeHtaiy*  What  supplementaiy  characters  exist  in  any  given  case 
may  always  be  ascertained  by  applying  the  following  rules.  In  lieir  enun- 
ciation we  represent  by  1^  the  greatest  uneven  divisor  of  Ii  taken  with  the 
same  sign  as  I|,  by  /i|  the  exponent  of  the  highest  power  of  2  contained  in 
lb  increased  by  1  if  one  of  the  two  forms  0^^^,  dj^i  is  even,  and  by  2  if 
both  those  forms  are  even ;  we  suppose  0  <  i  <  i». 
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I.  If/^i^2,  Si  has  the  character  (—1)  * 


2  ' 


IL  If ^  3, 6i»     addition  to  the  character  (—1)     ,  has  also  the  cha- 
racter  (—1)  «  • 

HI.  If 1,  and  also  >  2,  /i,.^,  ^  2,  (which,  as  well  as  and 
df+„  is  neceasarily  uneven)  has  the  character 

(-1)    •  or(-l)~+"r 

according  as 

(_l)H»i~i-i)  +  K»*+i^i)=(-l)Hi<+i),  or  =(_i)i(i'<-i). 
It  will  be  obserred  that  (by  I)  the  forms       and       have  the  charac- 

ter8(-l)  a"~and(-.l)    a_ .  _ 
IV.  If  /If  »0,  and  also  fi|_i>  2,  /<i^.i  >  2,  d<,  if  unercn^  has  the  charac- 

ter(— 1)  ^  ,  or  no  character  at  all,  according  as 

No  eveu  concomitant  has  any  supplomentary  cliaracter.    But  if  fl.  i,; 
even  concomitant,  the  uneven  forms  preceding  and  foUowing  it  have,  by  I, 
the  characters 

(-1)""^.  nnd  (-1)    »  • 
These  characters  are  not  independent  but  are  connected  hy  the  equation 

(_  1  )H«,-i-'i)+*  <Vr    (-1)*  ^"+^>. 

Thus  if  Ij,  I,  I .  . .  li+y  is  a  sequence  of  au  uneven  number  of  uncveii  lii- 
Tariants  preceded  and  followed  by  even  invariants,  and  corresponding  to  a 
scti  u  nre  of  alternately  even  and  uneven  concomitwits  6,.,  d.^^  ..  .  fi,^^, 
the  characler,  mod  4,  of  every  uneven  form  of  this  sequence,  and  of  the  next 
following  form  ^i^^j^i*  is  determined  by  the  character  of  the  form 
We  have,  in  fact,  if  «=  1, 2, . .    + 1, 

"=(-l)'x(-l) 

Besides  these  supplementary  characters,  which,  no  less  lliau  the  principal 
characters,  are  attrihiitahle  to  individuid  forms  of  the  concomitant  system, 
there  exist,  or  may  exist,  other  characters,  which  we  shall  term  sinudta- 
neous,  attributable  to  certain  sequences  of  those  forms  conssidcrcd  conjointly. 
Such  a  character  is  attributable  to  every  sequence  of  uneven  forms,  of 
which  none  possesses  any  supplementary  character  but  which  are  imme* 
diately  preceded  aud  followed  by  forms  having  sndi  characters.   The  fol- 
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lowing  definition  is  requisite  in  order  to  explain  the  nature  of  these  simul- 
taueous  characters* 

If  II  Op  J  ll  ^  ^  matrix  of  the  type  n— 1 X  fi>  of  which  the  determuiantB 

•re  not  all  sero»  and  if  mk  represent  the  yalne  acquired  by  Bh  when  we  at« 
tribute  to  the  indetermbates  of  that  form  the  Talaes  of  the  determinanta 

taken  in  the  eame  order  in  which  the  determinants  of  any  k  horizontal  rows 

of  the  matrix  ||^^  ^  |  taken  in  forming  the  matrix  of  j^,  the  numbers 
m,,  m,,  .  .  .  ffi^_,  are  said  to  be  simultaneously  represented  by  the  forms 

Let       .  * .  df^f  be  a  sequence  of  ^  nnCTen  eoncomitants« 
•  • « ft+Z  being  0,  or  1»  but  |i|  and  f^i^f^i  being  greater  than  1 ;  the  uneven 
numbers  simultaneously  represented  by       Sf^,, . . .  Bf^f  are  all  such  as 
to  render  the  unit 

««<+»'  $={+i'  «=i+»'  O^-i 

(— 1)  X(-l)'=<+»  X(- !)•=•+*  *  « 

(which  we  shall  symbolize  by  \l/  (i,  i")),  equal  to  -f  1,  or  else  are  all  such  as 
to  render  that  unit  equal  to  —  1 .  "NVe  therefore  attribute  to  the  sequence 
of  forms  •  •  •  3,+,',  the  simultaneous  character  (/,  t')=  +  l,  or 
^  (i,  1")=  —  1,  according  as  the  former  or  latter  of  those  equations  is  satis- 
fied. If  i'=l,  the  scfjnonce  consists  of  hut  one  form,  so  that  the  charac- 
ter i//(f,  i")  ceaj^es  to  be  a  simultaneous  character;  in  fact,  it'  ^.^,=  l,it 
coincides  with  the  buj)j)lementary  character  attributable  to  by  III.  ;  if 
fi.^^ssO,  it  cither  becomes  nugatory  (i.  e.  identic  ally  equal  to  +1,  irre- 
spective of  the  value  of  or  it  coincides  with  the  supplementary  cha- 
racter of  ^1^1,  according  as  that  form  (by  IV.)  has  not  or  has  a  supplemen- 
tary character. 

The  complex  of  all  the  particular  characters  (principal,  supplementary, 
and  simultaneous)  constitutes  the  complete  character  of  the  system  of  con- 
comitants dj,  d„_i.  Not  every  complete  generic  character,  assignable 
d  priori^  corresponds  to  actually  existing  forms,  but  only  such  cbarscters 
as  satisfy  a  certain  condition  of  possibility.  This  condition  is  expressed 
by  the  equation 

^|,(0,n~^\)X~n^  (^^^,^=  +  1,   (A) 

in  which,  if  fl^  is  an  even  form,  we  understand  by  the  symbol 

quadratic  character  with  respect  to  I,  of  the  ha(f  of  any  number,  prime  to 
which  is  represented  by  6^   The  unit  4>  (0, «—  1)  is  formed  in  the  same 
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WAj  M  the  imit  t//  (t,  t  ) :  we  may  omit,  however,  from  the  eitpooent  of 
~1  in  its  expreraion  every  term  into  which  an  even  form  entefa;  if,  for 
example,  6,  ie  an  even  form,  that  exponent  containe  the  termi 

nnd  no  other  term  into  which  0^  enters;  but  /',  =  0,  nnd  the  coefficient  of 
i  (  ^,—  1)  's  even  ;  so  that  6^  disappears  from  the  expression  of  the  unit 
1^(0,  It  will  thus  be  seen  that  the  equation  (A)  involves  only 

generic  characters  (principal,  sup})lenicntary,  or  simultnneous)  of  the  con- 
comitant sy  t  III :  that  equation  therefore  expresses  a  relation  which  the 
complete  chnrncter  must  satisfy. 

In  using  these  formulae,  we  must  attend  tu  the  si^niiicatious  which  we 
have  assigned  to  the  symbols  Jo,      e^t  and  0^,  Thus 

(-1)  «  «  ,/io>3,etc. 

We  ebaU  eonelnde  this  part  of  our  auhjeet  with  the  two  theoreme :— • 

(i)  Every  gcuus,  of  whteh  the  character  satiefies  the  condition  of  poi« 
flibUity,  actually  exists. 

(ii)  Two  forms,  of  the  same  invariants,  of  the  same  order*  and  of  the 
same  genus  are  transformable,  each  into  the  other,  by  rational  linear  sub- 
stitntioiis  of  which  the  determinants  are  nnits,  and  in  which  the  denemi« 
nators  of  the  coefficients  are  prime  to  any  given  number. 

The  first  of  these  theorems  shows  that  the  condition  of  possibility  is  sufi* 
ficient  as  well  as  necessary ;  the  second  establishes  the  completeness  of  the 
enumeration  of  ordinal  and  generic  eharaeters. 

II.  Determination  of  the  Weight  of  a  given  Geuut  of  Dejiiute  Fortn». 

It  has  been  shown  by  Gauss,  in  the  digression  on  ternary  forms  in  the 
fiflh  section  of  the  '  Difsquisitiones  Arithmeticte,'  that  the  solution  of  the 
problems  "  to  obtain  all  the  representations  of  a  given  binary  form,  or  of  a 

given  number,  by  a  given  ternary  form,"  depends  on  the  solution  of  the 
problem  "to  determine  whether  two  given  ternary  forms  arc  equivalent, 
nnd,  if  they  are,  to  ohtnin  nil  the  tronsforniations  of  either  of  them  into  the 
other."  Similarly  the  solution  of  tlie  problem  "to  obtain  all  the  reprc> 
mentations  of  a  nivi  n  (jnadratic  forui  of  i  indclcrminates  (f=  1,  2,  .  . .  «  — 1) 
by  n  piven  form  of//  imlett-rininates  "  depends  on  tlii"  t^oluMon  of  the  pro- 
blem of  equivalence  for  f[nn(lratie  forms  of  n  indetcrminates.  The  follow- 
ing proposition  is  here  of  priuir.ry  iaiportance  :  — 

**Ifthe  form^,,  of;/  —  I  indetcrminates  and  oi  the  invariants  T  ,  .  .  . 
I^j  ^,  ^U^j      is  capahle  of  primitive  representation  by  tiie  form  0,,  of  n 

iu(ietcrminate5,  and  of  tlie  invariants  I,,       .  .  .  I^  ^,  I„_2»  ^n-v 
— Tn-i  X0„_<,  (where  f^^^  is  the  primitire  contraTariant  of  ^j)  is  a  qua- 
dratic residue  of  M.*' 
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The  converse  is  ti  uc,  subject  to  certain  limitotions  i— 
"  If  M  is  prime  to        and  not  negative  except  when       is  negative, 
and  if  —  I.-i  X  tpu-t  is  a  quadratic  reiidae  of      v>i  »  Oipablf  of  priu^dfi 
representation  by/i.** 

"If,  in  adclittont  M  li prime  to  there  le  alwsyt  either  one  or  two 
genem  of  forme  of  the  iiiTtrianti  (I„  !»  .  • .  Mln^t)  capable  of  primitive 
lepreflentation  by  forme  of  a  given  genus  of  the  tnTaiiante  (It,     . . . 

;  and  if  there  are  two  genera  capable  of  such  representatioiiy  they 
are  of  different  orden." 

These  theorems  are  especially  nseful  in  the  theory  of  definite  forms,  to 
which,  for  the  remainder  of  this  paper,  we  shall  confine  our  attention.  In 
the  case  of  such  forms  we  understand  by  the  weight  of  n  form  the  reciprocal 
of  the  number  of  its  positive  automorphics,  by  the  weight  of  a  class  the 
weiglit  of  any  form  representing  the  class ;  the  weight  of  a  genus,  or 
order,  is  the  sum  of  the  weights  of  the  classes  contained  in  the  genus  or 
order ;  the  weight  of  a  representation  of  a  number  by  a  form  is  the  weight 
of  the  representing  form  ;  the  weight  of  a  representation  of  a  form  by  a 
form  is  the  product  of  the  weights  of  the  representing  and  represented 
forms. 

Let  r  denote  a  system  of  forms,  representatives  of  a  g;ivcn  genus  of  the 
invarinnts  T,,  I^,  .  . .  I„- 1 ;  1*'t  .M  lie  a  number  divisible  by  difTerent 
uneven  primes,  none  at'  whicii  divide  nny  of  the  invarinntP,  and  let  M  be 
uneven  or  unevenly  even,  nceording  ns  tlie  contravarionts  of  the  forms F 
are  uneveii  or  even  ;  we  tl:en  have  the  theort  iij  — 

**  The  sum  ot  the  weiirhts  of  tlie  representations  of  If  by  the  contra- 
variants  of  the  forms  l\  is  '2>'  times  the  weight  of  the  single  penus,  or  the 
two  genera,  oi  invariants  I,,  I,* . . .  ^iin-3»  whicli  admit  of  representAtion 
by  the  forms  J'.'* 

The  method  which  tliis  tliec  ieni  may  serve  to  iiuiaate  supplies  a  solu- 
tion of  the  problem  "  to  determine  the  weight  of  a  given  genus  of  definite 
forms  of  n  indeterminates,  and  of  the  invariants  I^,  I,, . . .  I^.^ ..."  We 
shsll  represent  the  weight  of  the  given  genus  by  the  formula 


w=4:,.+,xn.x(?)xBfc.+»x  n  i/*^— > 

IV  hen  n  is  uneven  and  cqusl  to  2f +1,  and  by  the  formula 

tihen  n  is  even  and  equal  to  ;  and  we  shall  consider  separately  the 
factors  of  which  these  formulm  are  composed. 

ao 

(i)  In  the  infinite  series      (^\  I  (which  enters  into  the  expression 

^  '  x*"  1  yn  Jm" 

of  W  only  when  the  number  of  indeterminates  is  even)  D  still  represents  the 
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product  ("-l)'l,xl,  X  .  .  xIo,-ii  the  surauiation  exteuds  to  nil 
uncvcu  valiu  s  r  f  ;//,  whicli  are  prime  to  D,  from  1  to  x  .  The  sum  of 
this  infinite  series  can  in  every  case  be  obtained  in  a  finite  form  by  the 
methods  cmpluyed  by  Uirichlet  (in  the  21st  volume  of  Creiie's  Journal) 
and  by  Caucliy  (in  the  17th  volume  of  the  Memoircs  do  TAcademie  des 
Sciences,  p.  G7S0-  As  the  result  of  the  sunimntion  docs  not  seem  to  have 
been  given,  w<  >liall  prcisent  it  here  in  one  of  niauy  vaiiuu:^  lumis  which  it 
may  assume.  LiL  D,  represent  the  quotient  obtained  by  dividing  D  by- 
its  greatest  square  divisor ;  let  q  he  any  uneven  prime  dividing  D,  but 

JOD  /J)  \  J 

not  Bj,  and  letYss— t j-^  the  sign  of  aummation  extending  to  all 
Talnes  of  m  piime  to  2D^ ;  we  tlien  have  the  equation 

To  obtain  the  value  of  Y,  let  A  represent  the  poeitiTe  value  of  to  that 
AobDj  when  r  ii  even,  and  As  —    when  v  is  uneven.   Also  let 


n.2«— 3.n.4'^'  -y    f  ii.i.n.2»' 

where  fi^,  . . .  are  the  fractions  of  Bernoulli,  so  that  V''(je)  is  the  function 
which*  when  x  is  an  integral  number,  is  equivalent  to  the  suui    2i  «*. 

9ml 

Then,  if  l)i^*'+*>,  or  (— according  as  ¥  is  even  or  uneven^ 
the  value  of  eVis 

(1)  when     ~1,  mod  4, 

(2)  in  every  other  case* 


the  summation  Z  extending  to  every  integral  value  of  «  inferior  to  A  and 

prime  to  A,  the  summation  Z  extending  to  every  integral  value  of  « inferior 
to  4A,  and  prime  to  4A.   The  formula  (1)  is  inapplicable  when  A=Dj«] ; 
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but  in  this  case  v  is  even,  and  the  sum  of  the  series  —  £  —  is  kuowii. 

(ii)  Thefiwjtor    H    i/'^""*^  reqnirai  no  explanation;  it  is  nfionel 

t=i 

when  n  is  uneyeo*  and  is  a  multiple  of    A  when  n  is  eren. 

(iii)  The  feetor  B«  is  detennined  by  the  equations 

Bar+i  =i/3i  X      X  iA  X  .  X 
where  /3j,      ...  are  again  the  fractions  of  Bemonllit  so  that  fii^i, 

(iv)  The  factors  (i)  and  (ii)  depend  only  on  the  invariants  and  on  the 
number  of  the  indeterminates^  the  fiuitor  (iii}  only  on  the  number  of  in- 
determinates.  These  ^BCtors  are  therefore  the  same  for  all  genera  of  the 
invariants  1^,  T.^, .  .  But  the  two  remaining  factors  involve,  or  may 
irivolvo,  certflin  of  the  generic  characters,  and  are  therefore  not  always  tlic 
same  for  all  genera.  In  the  factor  fl  .  x(^)  the  sign  of  multiplication  extends 
to  every  uneven  prime  ?,  (Hviding  nny  one  or  more  of  the  invarintits  Ij,  I^, 
. . . .  it  will  suffice  therefore  to  define  the  function  x(^)»  which  de- 
pends on  only  one  of  those  primes.  Let  i,,  i^, .  .  .be  the  indices  of  all 
the  invariants  which  are  divisible  by  5;  let  these  indices  be  arranged  iu 
order  of  aiagaiLude,  beginning  with  0  and  ending  with  n  (because  lo  and 
In  may  be  considered  as  divisible  by  I).     The  positive  diiri.iciiti.s 

— '*  we  ahall  term  iitttri'ah.  By  the  moiety  of  any  whole  number  a 
we  understand  .j^  a  when  a  is  tveu,  j  («  —  1)  when  a  is  uneven.  Let  tr«  be 
the  moiety  of  the  interval  if ;  when  that  interval  is  even,  let  the 
barred  symbol  m  represent  the  product  (—  l)*^*Ix+<^X        X  ...  X  I^i+^^^^j 

Mnd Ut  rCA^t-i.^' ^ %^ ^^'^y»  represent  the 

product  II  ^1—^-^  ;  let  9  be  the  moiety  of  I,  and  ft  the  number  of  the 
invarianto  I„  I,,. . .  J^u  «^ich  are  divisible  by  Then  x(^)  i>  th»  integral 
fum^on  of     defined  by  the  equation 

wheii  n  is  uneven,  and  bj  the  equation 

when  i»  is  even.   If  D  is  divisible  by    the  symbol  (^^  ^ 

formuhe  the  sign  of  multiplication  It  extends  to  every  value  of  or  ««;  the 
▼alue  +1  is,  as  before,  to  be  attributed  to  the  symbols  3^  and 
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(v)  Each  factor  )  the  product  n  .  x(^)  ^ti^s  depends  on  an  un- 
even prime  5  dividing  the  invariants,  on  the  indices  of  the  invariants  divi- 
sible by  3,  on  tlie  jirincipal  generic  characters  with  respect  to  and  ou 
the  quadratic  characters  with  respect  to  S  of  the  invariants  not  divisible 
hj  9.  Tlic  remaining  factor  may  be  said  to  depend  ou  the  relation  of 
the  concomitants  and  inTftrianCs  to  the  prime  2  and  its  powers.  The  de« 
terminatioii  of  this  factor  presenta  no  theoietical  difficulty  ;  bat  on  account 
of  the  multiplicity  of  the  caaea  to  be  coneidered*  ahall  confine  ounelTca 
in  thia  place  to  the  two  casea  in  which  the  invarianta  are  all  nneven. 

(A)  When  the  invarianta  are  all  uneven^  and  the  giren  genus  la  of  an 
uneven  order,  let  represent  the  unit  (—1)*  '^HO, 1)*  where  ifi(0,  <X) 
is  the  simultaneoua  character  of  the  given  genus,  and  h  ia  determmed  by 
the  equation 

4A=(I,- 1)(1, 4-1)4-  (I,-  1  XI.I,  +  0  +         1)(I.1.4- 1) 

.... 

+  (....  In-*  Iii-f  —  IX'*..  In-s  !)• 
The  value  of    then  is 

(1)  if  n->4X, 

2i)f^i:2'"-*  +  (-iy2,],  orl, 

according  aa  B^l,  or         mod 4; 

(2)  ifn==4\  +  2, 

according  aa  D"— I,  or  =—1,  mod  4  ; 

(3)  ifH=4A-f  1, 

(4)  tfn»4X+3, 

(B)  When  the  invariant  ai  c  all  uneven,  and  the  given  genua  of  an  even 

order,  so  that  n=2 is  even,  the  value  of  is 

2"--  ,_/2Nr 

It  is  easy  to  apply  these  general  formulce  to  particnlar  examples ;  but 

our  imperfect  knowledge  of  quadratic  form?  containing  many  inJetermi- 
nates,  renders  it  practically  impossible  to  te»t  the  results  by  any  independent 
process.  Tiic  demonijtrations  are  sim|ilpin  j)rinciplc,  but  require  attention 
to  a  great  number  of  details  with  respect  to  which  it  is  very  easy  to  fall 
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into  error.  As  booh  as  they  can  be  pot  into  a  oonYeineiit  form,  they  ibail 
be  submitted  to  the  Royal  Society, 

Eisenstein  has  observed  that,  when  the  nmnber  of  indetermlnates  does 
not  surpass  eight,  there  is  but  one  dass  of  quadratie  forau  of  the  dis- 
criminant 1,  but  that,  when  the  number  of  Indeterminates  surpasses  ei^ht, 
there  is  always  more  than  one  such  class.  This  obsenration  b  in  ac- 
cordance with  our  general  formula,  except  that  they  imply  the  existence  of 
an  improperly  primitive  class  of  eight  indeterminates  and  of  the  dis 
criminant  !• 

The  theorems  which  have  been  given  by  Jacobi,  Eisenstein,  and  reoentl) 
in  great  profusion  hy  M.  Liouville,  relating  to  the  representation  of  numbers 
hy  four  squares  and  other  simple  quadratic  forms,  appear  to  be  deducible 
by  a  uniform  method  from  the  principles  indicated  in  this  paper.  So 

also  are  the  theorems  relating  to  the  representation  of  numbers  by  six 
find  eight  squares,  whicli  are  implicitly  contained  in  the  (Ipvelopments 
given  by  Jncnhi  in  the  '  Fundamenta  Nova.'  As  the  scries  of  tlieorems 
relating  to  the  represent atioQ  of  numbers  by  sums  of  squares  ceases,  for 
the  reason  assigned  by  Eisenstein,  when  the  number  of  squares  surpasses 
eiglit,  it  is  of  some  importance  to  roniph-te  it.  The  only  cases  which  have 
not  been  fully  considered  are  tliosc  of  five  and  seven  squares.  The  prin- 
cipal theorems  relating  to  the  case  of  five  squares  have  indeed  been  given 
by  Eisenstein  (Crelle's  Journal,  vol.  xxkv.  p.  .'^68);  but  he  has  considered 
only  those  numbers  wliieli  are  uot  divisible  Ijy  any  square.  We  shall  liere 
complete  his  enunciation  of  those  theorems,  and  shall  add  the  corrcsp  uiding 
theorems  for  the  case  of  seven  squares.  We  attend  only  to  primitive 
representations. 

Let  A  represent  a  number  uut  divisible  by  any  square,  ii^  an  uneven 
square,  a  any  exponent.  By  ^»j(4«ii^d),  *.(4"fll^A),  we  denote  the  number 
of  representations  of  4«Q^A  by  five  and  seven  squares  respectively ;  by 
Q,(-1''0*A),  Q,(4«a'A),  we  represent  the  products 

7x2-xo'xn[i-(:^)']xl. 

the  sign  of  multiplication  II  extending  to  ereiry  prime  dividing  Q,  but 
not  dividing  A  ;  we  then  iiave  the  formulse 

(A)  for  five  squares. 

(I)  If  A^l,  mod  4, 

where,  if  A=l,  mod  8,  »,5«12j  if  Ai=5,  mod  8,  ^=28  or  20,  according 
as  fi=0,  or  ci>0.   If,  however,  AbI,  we  are  to  replace  q  x  £  by  2. 
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(2)  In  every  other  case, 

where  r]  =  l,  or  L  nrconling  as  a=0,  or  a>'0. 
(B)  lor  seven  sqiinreg. 

(1)  If  A^3,  mod  4, 

«>,(4"0«A)=Q,(4-n*)A  X  If  X  S^^y«-A)(2#- A), 

where  r;  =  30,  if  a=0,  Ai^,  mod  8 ;  »»=5X  37,  if  a=0,  A=7,  mod  8  ; 

i/=.\Xl  lU,  if  a^O. 

(2)  In  Qvery  other  case, 

*X-1'0*A)«Q,(4«0*A  X  i|  X  2  (^^^*(*-2A)(#-.4A), 

where  ^s^,  or      according  as  a^O,  or  a>>0. 

The  sums  2»  aud  2  ia  these  formuhe  are  easily  reduced  (hy  distiuguisu* 
I  1 

iiig  cUllerent  linear  forms  of  the  numher  A)  to  others  more  readiily  €al> 
culated  (see  the  note  of  Eiscustein,  to  which  we  have  already  referred)  ; 
but  in  the  present  notice  we  liaTe  preferred  to  retain  them  in  tlie  form  In 
which  thej  first  present  themselves. 

We  shall  conclude  this  paper  by  calling  attention  to  a  dass  of  theorems 
winch  have  a  certun  resembhmoe  to  the  important  results  established  by 
M.  Kionecker  for  binary  quadratic  forms. 

Let  j  YjQ!L)  represent  the  weight  of  the  qnaternary  daasei  of  theinra* 

11  *  4 

Tiants[l,  1,  M] ;  j         the  weight  of  the  senary  classes  of  the  invariants 

II  •  o 

[1,  U  If  1*  MJ,  then 

F,(M)+2FXM-l»)  +  2F.(M-2')+  . 

In  the  first  of  these  formula  M  is  any  unevenly  even  number,  or  any 
number  ==?d,  mod  4 ;  in  the  second  M,  is  any  nneven  number :  the  series 
in  both  are  to  be  continued  as  long  as  the  numbers  M— or  2M— «*, 
are  positive  ;  d  is  any  uneven  divisor  of  M.  The  origm  of  these  formulse 
(which  may  serrc  as  examples  of  many  others)  is  exactly  analogous  to  that 
-which  M.  Kroncckcr  hfts  pointed  out  as  characteristic  of  the  more  ele- 
meutary  of  the  two  cln<5sps  itito  whicli  his  formtilic  are  iintnrnllv  divided. 
Whether,  for  foni  R  oi  i  j  u  and  si\  indeterminatcs,  similnr  fonnuiaj  exist 
comparable  to  ilie  less  elementary  formula;  of  M.  Kronecker,  and  whether, 
for  forms  containing  more  than  six  indetcTminntcs,  such  formulae  exist  at 
all,  are  questions  well  worthy  of  the  attention  of  arithmeticians. 


Digitized  by  Google 


1867.]      Dr.  Dobell  on  the  Action  of  the  Pancreae. 


209 


December  12;  1867. 

Lieut-General  SABINE,  President,  in  the  Chair. 

Tlip  President  gave  notice  that,  in  addition  to  the  three  Fellows  named 
at  the  last  Meedag,  he  had  appointed  Professor  John  Phillips  a  Vice- 

President. 

Mr.  James  Robert  Napier  was  admitted  into  the  Society. 

The  following  communications  were  read  : — 

I.  '^On  the  Special  Action  of  the  Pancreas  on  Fat  and  Starch.'' 
By  HoKACK  DoBBLL,  M.D.  &c.,  Pliysician  to  the  Royal 
Hospital  for  Diseases  of  the  Chest  &c.  Coramunicatcd  by 
E.  Franki^ind,  F.R.S.    Received  September  5,  1807. 

I  have  been  engaged  for  seTeral  years  in  experimenting  with  the  secre- 
tion of  the  pancreas.  The  uqnirjr  of  which  I  now  make  known  the  re- 
sults has  reference  especially  to  the  mode  of  action  of  the  pancreas  upon 
£its— a  point  which  has  been  the  subject  of  investigation  by  various  phy- 
siologists ever  since  the  discovery  of  the  influence  of  the  pancreatic  fluid 
on  the  absorption  of  fat  by  Claude  Bernard,  nearly  twenty  years  ago. 

In  the  chemicnl  parts  of  my  experiments  I  owe  much  to  the  eflBcifiutaid 
of  my  friend  Mr.  Juiius  Schweitser,  and  to  the  energy  and  perscYerance 
with  which  he  carried  out  my  suggestions  under  many  difficulties. 

The  objects  of  my  investigations  have  been  as  follows  : — 

1 .  To  discover  the  exact  character  and  nature  of  the  iuflaence  exerted 
by  the  pancreas  upon  fats. 

'2.  To  (li^jcovcr  a  means  of  obtaining:  preserving  the  active  principles 
of  Uio  [taiii Toa>  in  n  fomi  snitable  for  experiment  iu  the  laboratory,  and  for 
administration  as  a  remedial  agent. 

3.  To  discover  the  effects  of  the  administrntion  of  the  active  ]»rinciples 
of  the  pancreas  as  a  remedial  agent  in  certain  wn^-tin!^'  diseastf!,  and  to  test, 
hv  an  experimentis  cruc\»,  the  truth  of  a  oonrlnsion  on  this  subject,  at 
winch  i  had  previou^ly  arrived  by  a  process  ot  inductive  research. 

I  shall  not  occnpy  the  valuable  time  of  the  Society  by  narrating  tlie 
many  more  or  less  unsuccessful  experiments,  but  restrict  myself  to  a  con- 
cise record  of  those  attended  with  success. 

Experiments  were  made  with  the  pancreas  of  several  different  animals, 
but  that  of  the  pig  was  selected  for  the  experiments  of  which  1  am  about 
to  give  the  results,  as  being  nearest  in  the  character  of  its  functions  to  that 
of  the  human  subject. 

In  order  to  ascertam  the  normal  reaction  of  the  pancreatic  juice,  and 
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whethir  this  is  altered  by  the  length  of  time  that  has  elapsed  since  the 
last  meal,  the  fuUowiug  experiment  was  made  with  the  ftisttlatiee  of  Mr. 
Schweitzer  and  of  Mr.  Harris  of  Calne,  who  kindly  placed  his  extensive 
pig-kilUng  establirikment  at  our  serrice  for  the  jjurpose. 

On  March  22,  1866,  forty  pigs  were  killed,  and  the  pancreas  of  each 
examined  immediately  after  death  $  the  killing  and  examination  were  so 
rapidly  conducted,  that  the  panoreas  was  in  each  case  examined  while  warm 
from  die  hody ;  and  the  killing  and  examination  of  the  forty  ptge  in  sue* 
cession  occupied  less  than  an  hour. 

The  pigs  were  killed  ten  at  a  tune.  The  first  ten  had  been  fed  two 
hours  before  they  were  killed,  the  second  ten  five  hours,  the  third  ten  nine 
hours,  and  the  fourth  ten  had  not  been  fed  for  two  days. 

The  )tancreas  in  each  group  presented  the  same  characters  in  sixe. 
colour,  and  reaction.  Each  pancreas  was  cut  through  so  as  to  lay  open 
the  principal  duct,  but  in  no  case  was  there  any  fluid  in  the  duct.  Litmus- 
paper  was  applied  to  the  interior  of  the  duct  and  to  the  divided  gland- 
cells,  and  on  being  pressed  sufficiently  agiunst  the  tissues  to  absorb 
moisture,  the  paper  was  in  each  case  reddened  where  it  was  moistened. 
This  acid  reaction  was  not  found  in  the  fat  and  muscles  of  the  nninial. 

At  mv  request,  Dr.  CuUins,  of  Alhcrt  Terrace,  Regent's  Park,  exnmincd 
the  reaction  of  the  ]inucrcns  in  n  series  of  eases  at  the  moment  when  nil 
the  digestive  organs  were  under  active  excitement.  He  gave  the  ])\<j;s  a 
goo  l  and  relishing  meni,  and  while  they  were  eating  it,  divided  the  s^)innl 
nuurow  in  the  neck,  so  as  to  destroy  sensation  in  the  body.  The  pigs 
were  then  immediately  cut  open,  the  pancreas  rciuoveil,  and  its  reaction 
exaniiued.  On  August  3rd  he  wrote  me,  **  As  you  requested,  I  have  tried 
a  series  of  expctiiuents  upon  the  pancreas,  pmoti  I,  iuid  sublingunl  glf^nds'. 
The  two  luUei  imvc  a  decidedly  acid  reaction,  but  the  pancreas  i  am  uuL 
quite  so  certain  about ;  in  one  batch  of  pigs  killed  iu  Buckinghamshire  it 
was  aikaliue,  but  in  another  lot  in  Hertfordshire  it  was  acid." 

The  reaction  of  the  pancreas  is  always  acid  when  it  reaches  the  labora- 
tory for  experiment  as  quickly  as  possible  after  removal  from  the  animal. 
Thb  we  have  proved  in  many  hundreds  of  instances. 

To  discover  the  influence  of  the  pancreas  upon  fat,  the  fresh  panoreas  of 
the  pig,  freed  from  all  adhering  blood  and  other  extraneous  mattery  was 
cut  into  small  pieces,  bruised,  and  mixed  with  lard ;  and  to  this  mixture 
water  was  gradually  added.  In  the  bruised  condition  the  pancreas  had  an 
acid  reaction.  By  stirring  this  mixture  of  pancreas,  lard,  and  water*  the 
fatty  character  disappeared,  a  thick,  white,  creamy  fluid  being  formed,  which, 
on  standing,  solidified  into  a  firm  pasty  mass.  This  mass  had  also  an 
acid  reaction.  In  order  to  free  it  from  the  MrU  of  pancreas,  it  was 
pressed  through  mu$lin,  and  a  uniform  smooth  creamy  emulsion  remained. 
This  emulsion  rapidly  putrefied,  but  remained  a  permanent  emulsion  until 
putrefaction  set  in. 
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The  follovring  are  the  microscapical  characters  presented  by  pure  lard 
before  mixture  with  peticmui»  and  by  this  emuteion^  which  I  etU  *'onide 
emulsion : " — 

1.  "Lard  **  (pure). — Aggregation  of  ordinary  acieular  cryetals  of  mar- 
garine.   No  oil-globules.    No  water. 

-  **  ( 'rude  emulsion.'* — A  tolerably  uniform  granulfir  mass  with  separate 
aciculai  cry^tnls  of  margarine,  oil-globules,  nnd  water  nbutitlnntly  distributed 
throughout  the  mass.  Tn  «5ome  places  the  crystals  are  aggregated  as  in 
No.  1 .  The  granules  raoge  from  the  to  i-^^^q  of  au  inch  in  dia- 
meter. 

This  mixture  of  fat  and  water  differs  from  all  other  mixtures  or  che* 
inical  cuinbiiiations  of  fat  and  water  in  the  tnllowiag  particulars. 

When  the  "crude  emulsion"  is  put  iuto  ether,  the  ether  separates  it 
into  two  strata— 

a,  Au  ethereal  stratum  above  coutaining  the  fat. 
5.  A  watery  stratum  below. 

When  the  upper  stratum  (a)  (ethereal  solution  of  fat)  is  drawn  off  and 
the  ether  evaporated  by  a  cautiously  regukted  heat,  a  pure  eryatalUne  fat 
remains  which  I  call  "paocreatited  fat*'*  This  pancreatlsed  fat  has  no 
tendency  to  putrefy,  and  will  keep  for  an  indefinite  period*  It  presents 
the  following  characters  tinder  the  microscope : — 

9.  "  Ftocreatised  fat  **  (Urd)  consists  of  minnte  separate  adcular  crystals 
of  margarine  and  fine  granular  matter  uniformly  distributed*  The  special 
character  is  the  eongtlHe  lots  of  aggregation  of  the  crystals. 

This  **  pancreatized  fat  **  retains  the  property  of  mixing  or  eombiniog 
with  water,  and  forming  a  thick,  smooth,  creamy  emulsion,  that  it  possessed 
in  the  form  of  "crude emulsion  "  before  solution  iu  ether.  Tlu  emulsion 
formed  by  mixture  of  ** pancreatised  fat"  with  water  I  call  "purified 
pancreatic  emulsion.*'  It  has,  like  the  crude  emulsion,  an  add  reaction, 
and  will  keep  for  a  very  long  time,  and  presents  the  following  mieroscopical 
characters : — 

4.  "Purified  emulsion"  (No.  3,  spirit  andwatcr  ). — As  !iearly  as  possible 
the  same  a-  N'o.  2;  the  spparnte  crystals  more  uaiformlj  distributed,  aud 
fewer  aggregations  of  them.    No  globules*. 

On  analysis  of  the  lower  wntery  stratum  {h)  resulting  from  the  se parnf  ion 
of  the  fat  of  the  crude  emulsion  by  ether,  it  is  fouud  to  contain  ho  gly- 
cerine. 

On  analysis  of  the  pancreatixed  fat  (3)  obtained  by  evaporating  the 
ether  from  stratum  a,  it  is  found  that  lUO  parts  of.  the  pancreatized  fat 
are  saponified  by  54  parts  of  oside  of  lead,  and  yield  146*23  parts  of  lead- 
plaster,  and  6*7$  parts  of  glycerine. 

It  is  also  found  that  every  100  parts  of  lard  used  in  making  the  cntde 
emulsion  produce  106' 5  parts  of  pancreatixed  fat,  the  increase  of  6*5  parts 

•  In  cold  wtMither  it  is  necessary  to  gently  warm  the  glass  slide  before  placing  the 
abore  specunena  npon  it^  othenriM  the  solid  eooslitttSBli  baooow  agglomented. 
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being  foldy  dae  to  absorption  of  water,  as  proved  by  heating  the  pan- 
«refttlied  hk^  when  the  water  Bepcratefl,  and  the  panereatifed  fat  is  tecon* 
Terted  into  ordinary  lard. 

In  all  the  foregoing  respects  the  pancreatic  emnlstoa  of  fat  difiers  en* 
tirely  from  all  other  kinds  of  emidsion  of  fatty  matter,  whether  chemical 
or  mechauica].  All  other  emulnona  of  fht  are  destroyed  by  ether,  the  fat 
being  restored  at  once  to  its  original  condition. 

The  inflnence  exerted  by  the  pancreas  upon  fats*  therefore^  appears 
to  operate  by  breaking  up  the  sggKgstion  of  the  Cfystals  of  the  fat  and 
altering  its  hydration.  It  alters  the  molecular  condition  of  the  hk, 
mingling  it  with  water  in  such  a  way  that  even  etber  cannot  separate 
the  fat  from  the  water.  A  permanent  emulsion  is  tli us;  formed  ready  to 
mix  with  a  larger  quantity  of  water  whenever  it  may  be  added. 

The  pancreas,  therefore,  in  acting  upon  fat,  does  not  decompose  it  into 
fatty  acid  and  glycerine,  the  absence  of  the  glycerine  from  the  watery 
stratum  (£),  and  tbc  presence  of  the  glycerine  in  the  pancreatiaed  fat  of  the 
ethereal  stmt  11  m  (a),  haying  been  demonstrated. 

ylction  of  the  pancreas  upon  starch.- — It  i?  well  Vnowti  that,  in  addition 
to  thr  iiithiciicp  of  tlie  pancreas  upon  fat,  it  lias  the  power  of  convert mg 
starch  into  glycose  by  simple  mixture.  This  property  remains  to  a  ccitaiu 
extent  after  the  pancreas  has  exhausted  its  property  of  actuig  up  u  fat. 
The  quantity  of  pancreas  which  before  mixture  with  fat  will  convert  about 
eight  parts  of  starch  into  glycose,  after  saturation  with  fat  wiii  stiii  con- 
vert about  two  parts  of  starch  into  glycose. 

Second  object. — To  discover  a  means  of  preserving  the  active  principles 
of  the  pancreas  in  a  form  suitable  for  experiment  in  the  laboratory,  aud 
for  administration  as  a  remedial  agent. 

The  properties  of  the  pancreas  can  be  extracted  from  the  tissue  of  the 
gland  by  means  of  Mer.  This  watery  fluid  putrefies  very  rapidly.  It 
has  an  acid  reaction,  .a  deep  yellow  colour*  coagulates  largely  by  boiling, 
leaving  the  colour  of  the  fluid  unaltered.  It  may  be  precipitated  by  lead- 
solution,  and  decomposed  again  by  sulphuretted  hydrogen. 

When  Uiis  watery  fluid  is  evaporated,  it  forms  a  syrupy  extract|  which  is 
highly  hygroscopic  and  very  difficult  to  dry.  With  great  care  and  trouble, 
however,  it  may  be  dried.  For  general  purposes,  the  drying  is  greatly 
facilitated  by  adding  a  dry  absorbing-powder,  such  as  powdered  malt* 
For  experimental  purposes,  it  may  be  used  in  its  pure  undried  state  of 
i^ropy  extract^  but  must  in  that  case  be  used  fresh.  In  the  dry  state, 
either  pure  or  mixed  witli  malt-dust,  it  may  be  kept  good  for  an  indefinite 
length  of  time,  if  protected  from  moisture  in  a  well-closed  bottle.  This 
extract  of  the  pancreas,  containing  the  active  principles  of  the  pancreas  in 
the  highest  degree  of  efficiency,  whether  fluid  or  powdered,  I  call  **  pan- 
creatine." This  term  is  used  only  for  convenience*  sake,  and  must  in  no 
way  be  understood  to  signify  that  the  property  possessed  by  it  is  sinr/fe. 
All  attempts  to  i&olate  the  severAi  properties  of  the  pancreas  into  separate 
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producta  hare  failed,  no  one  of  sucli  prodncts  having  been  found  to 
poswfls  in  perfection  the  property  of  acting  upon  fat  in  the  manner  de- 
■cribed  in  thia  paper  aa  peculiar  to  the  pancreas.  By  tlie  term  "  pancreatine^" 
then,  I  desire  to  represent  the  eHtire  properties  of  the  panerea$  extracted 
in  a  oonTenient  form  for  keeping,  for  experiment,  and  for  administration  aa 
a  remedial  agent. 

One  part  of  the  pure  pancreatine  dried,  without  mixture  with  malt-dust, 
will  digest  at  least  sixteen  parts  of  lard,  and  enable  it  to  form  a  thick  creamy 
emulaion,  with  about  100  parts  of  water.  The  emulsion  thus  formed 
presents  in  every  reapect  the  characters  and  qualities  of  the  emulsion  pro- 
duced by  the  fresh  pancreas  already  described.  In  this  way  therefore  the 
actiTe  principles  of  the  pancreas  may  be  obtained  and  preseived  in  a  form 
suitable  for  experiment  in  the  laboratory  and  for  administration  as  a  reme- 
dial agent. 

The  third  object  of  my  investigations  has  especially  occupied  my  atten- 
tion in  a  long  series  of  experiment'^  nf  the  Royal  Hospital  for  Diseases  of 
the  Chost.  Full  details  of  these  ami  of  the  results  obtninrd  linve  been 
published  from  time  to  time,  during;  the  last  four  years,  in  ilie  medical  ]  i  n!t  - 
nals  ;  1  siiall  not,  therefore,  occupy  the  time  of  the  ISociety  with  any  accouut 
of  them  in  this  paper. 

II*  ''On  a  supposed  Connexion  between  the  Amount  of  Rainfall 
and  the  Changes  of  the  Aloon/'  being  an  exti'act  of  a  Letter 
from  J«  H.  N.  HennesseTj  Esq.^  First  Assistant  on  the  Great 
Trigonometrical  Survey  of  India,  to  General  Sabine,  R.A., 
Pres.  R.S.  Communicated  by  the  President.  Received  No- 
vember 7, 1867. 

Allow  me  now  to  say  a  few  words  in  conuexioii  with  tlie  enclosed  paper. 
There  appears  to  prevail  a  belief,  more  or  less  popular,  to  the  effect  that 
more  rain  falls  at  "the  rhan^cs  of  the  moon"  than  ou  the  intermediate 
davs  of  a  lunation.  As  I  happened  to  poji.c.ss  a  record  of  the  rainfall  at 
the  office  of  the  Superintendent  of  the  Great  Trigonometrical  Survey  of 
Mussoorie,  extending  over  thirteen  consecutive  years,  I  obtained  Colonel 
Walker's  permissbn  to  make  use  of  the  register,  iu  connexion  with  this 
popular  belief. 

The  results  tabulated  have  been  obtained  by  employing  an  avemge  daily 
fall  aa  the  means  for  comparing  the  fall  ai  "the  changes"  with  that  at 
Intermediate  intervals*  The  method  of  calculation  adopted  ia  explained  iu 
the  footnote  to  the  Table.  The  annual  average  result  may  be  stated 
thus  s — 

incli. 

jit  **  the  changes**  of  the  moon  the  mean  cfaifij  fall  of  rain  is. .  0*4ti6  ■ 
Between  "  the  changes  "  of  the  moon  the  mean  daily  fall  is. .  . .  0*525 
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which  18  in  opposition  to  the  iiopiilar  belief  on  the  subject.  I  enclose  the 
Table,  on  the  chance  of  its  proving  suiticieutl^  interesting  to  be  noticed. 

Aferage  daily  fall  of  rain  between  successive  quarters  and  at  each  quarter 
of  the  moon  from  1st  of  May  to  31st  of  October  of  eadh  year,  measiired 
at  the  Office  of  the  Superintendent  of  the  Great  Trigonometrical  Surrey 

of  Tndifi.  The  office  stands  in  Mussoorie,  on  the  most  southern  range 
of  the  Himalaya  Mountains,  lat.  N.  30''  28',  long.  E.  of  Greenwich 
7S°  7'  i  height  aboye  mean  sea-level  G500  feet. 


Tear.  l 

Av«nc«  n«Ur  Fall. 

Total  FaU 
from  May 

toberSl. 

)  to« 

• 

#  to  > 

1 

))  toO 

O 

o  to  )  1  ) 

1864   

\mi  

i8r>8  

im  

1802   

18<>4 

i^^n.-i   

IhGO  ...... 

inch. 

•044 

•4r.G 

•732 
•280 
•402 
•605 
•350 
•686 
•611 
•348 
•7(;:i 
•513 
•135 

inch. 

•374 
•2(H 
•745 
•310 
•448 
•203 
•228 
•67« 
•020 
•342 
■4n<» 

•2.35 
•360 

inch. 
■HI  3 
■360 
•703 
•704 
•485 

•2:>.3 

•430 
1014 
•513 

•8r,2 
:>  15 
•276 
•402 

inch. 

•176 
•918 
•237 
10 13 
•2«.i8 
•642 
•711) 
•372 
•651 
•032 
•2t)*2 
•120 
•580 

inch. 

•6;50 
•311 
•307 

•,>!'< 
■3<Mi 
•.'MVl 
1-.T52 
•3('>4 
•51 1 
•304 
•443 
•030 

inch. 
•0«.H) 
•35(i 
•5nS 
■VMi 
•1.^7 
•2.'»."i 
•2(  )5 
•2H7 
•852 
•505 
•.'52S 
•526 
•800 

inch. 
•512 
•7.'»3 
•347 

•',m 

•705 
•570 

•577 
•045 
•201 
•2.37 
•518 
•452 

inch. 
•621 
•7.*t3 
•340 
•606 
•373 

•58:j 

•073 
•855 
•5;J0 
•546 
•3.^2 
•785 
•483 

ioobra. 

100-72 

85-a'> 

93-28 
88-27 
8^1-61 
78-31 
65  81 
14116 
9391 
9.303 
10 
7637 
8115 

coiuuins  J 

•509 

:*402 

•573 

•535 

•533 

•390 

•483 

•629 

80*589 

General  mean  of  •  >  o  >    ^)  MM\  inch. 

Genmitmeaiiof  >  to#»^to      >  to  O,  o  to  >   0^525  „ 


Note, — Ths  rainfall  during  the  preceding  twenty-four  hours  was  mea- 
sured daily  at  mean  noon.  Suppose  m^,  m^,  m^,  in^*  m^mj,m^,m,  to  de* 
note  nine  suck  consecutive  measurements  of  daily  runfall,  registered  at 
Mussoorie  mean  noouj  respectiTely  on  the  1st,  2nd  . . .  9th  of  the  month, 
and  that  the  moon  entered  her  first  quarter  at  an  hour  nearer  to  noon  of 
the  1st  than  to  the  precedmg  or  succeeding  noons.  In  this  case  the  arith- 
jnetical  mean  of  and  si,  has  been  entered  in  column  >  as  the  sTerage 
Mfy  fall  ai  the  first  quarter.   Simikrly,  if  full  moon  occurred  nearest  to 

noon  of  the  8th,  the  quantity  ^"tl!!!*  has  been  reckoned  as  the  STcrage 

Mfy  Adl  ff#  full  moon  $  and  '^a + 4-    + »»,  -f  ««t  j^^pj^^^g  average 

daily  fall  from  J)  to  O*  The  foregoing  Table  has  been  prcpnrpil  umler 
these  conditions  by  Baboo  Dwnrkanath  Dutt,  Computer  to  the  Grtat  Tri- 
gonometrical Survey  of  India. 
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III.  Researches  condaeted  for  the  Medical  Departmetit  of  the 
Privy  Couacil  afc  the  Pathological  Laboratory  of  St.  Thomas's 
Hospital.^'  By  J.  L.  \ir.  TfiimiCBiTM^  M  J).  Commaaieated  by 
John  Simon,  Esq.j  Medical  Officer  of  the  Privy  Council.  Pirst 
Series.'-^The  Chemical  Nature  and  CompoeitioD,  CombinatioDs, 
and  Metamorphoses  of  the  Colouiing-mattcrs  of  Bile.  Received 
November  14, 1867. 

(Abstract.) 

I.  On  Cholophceine  or  Bilirubine  and  its  Compounds. 
Sect.  1.  The  paper  commenceg  with  a  sbort  historical  rctroapect  on  the  lite- 
rature of  the  subject  uiult  r  cuasideration,  iiiwhicii  the  re^ca^ches  of  Bcraelius, 
Scherer,  Ilcin,  Marchand,  Ileiutz,  Maly,  and  Stiideler  are  meutioned. 
Sect.  2.  The  author  then  describes  the  mode  of  obtaining  a  red  colouriDg- 
matter  from  ox-gallstones.  These  oonofetions  have  to  be  extracted  with 
water,  alcohol,  ether,  dilate  hydrochloric  acid,  and  ultimately,  after  re- 
peated extraction  irith  boiling  alcohol  and  ether,  with  chloroform.  This 
agent  dissolves  bUiruiine  or  ekotophaine,  and  deposits  it,  on  concentration 
and  the  addition  of  absolute  alcohol.  In  an  amorphous  oonditlon,  or  in  a 
crystallised  state.  Sect.  3.  The  crystals  are  dark  brown,  and  hsTC  a 
splendid  blue  lustre.  They  are  rhombic  plates,  as  represented  by  a  draw- 
ing in  outline  taken  from  a  specimen  magnified  about  twenty  times.  The 
amorphous  or  only  crystalline  modification  is  a  powder  of  a  splendid  red, 
nearly  orange-colour.  Sect.  1.  The  elementary  analysis  of  several  speci- 
mens yielded  results  which  led  to  the  formuU  O,  N  O,.  8eet»  &,  BUi- 
rubine  dissolves  In  ammonia,  but  does  not  form  any  permanent  compound 
with  it.  Its  combinations  witli  fixed  caustic  alkalies  are  insoluble  In  an 
excess  of  lye.  The  neutral  alkali  solution,  mostly  the  one  in  ammoniii, 
yields  neutral  salts  with  monodynamie  metals,  hslf-acid  salts  with  didy- 
namic  ones. 

The  nentral  monoJnjJfnfed  cholophteinate  of  sifrer,  C,  II,,  Ag  N(>^, 
Atr~37  "»  per  cent.,  is  a  reddish-brown  precipitate,  which  f!  u  s  not  lose  the 
ntuni  of  wafi  r  at  1  10^  C.  As  a  hydrated  silver-sftlt  it  is  nnnumlous  ;  but  a 
few  other  ntiiuiul  jiriMlut  is,  such  ns  hij)j)uric  acid,  are  known  also  to  funn 
such  hydrated  sil\t'i-s!l(<.  Bv'  nienna  of  this  coni])ound,  the  formula  of 
bilirubine,  or  cholophu^ine,  above  given,  is  shown  to  express  its  atomic 
weight. 

T/ic  fjdsic  a/i/n/'/rou.^  chohphtPi'nafe  of  silver,  (.\  11^  Ag.j  NO^,  Ag 
s^  'jr  l\)  per  ccal.,  is  obtained  from  ia\  alkaline  solution  of  cholophasinc 
and  silver  nitrate  in  ammonia,  by  cautiously  reducing;  the  amount  of  free 
alkali  by  means  of  nitric  acid.  The  compound  is  analogous  to  a  lead-salt, 
C,  H,  Pb  NO3  described  lower  down. 

The  neuiral  eMopkainaie  of  barium  is  precipitated  ftnm  an  alkaline 
Boluticm,  and  has  the  composition     H„  13a  N/\,  3laa27*Afi  per  cent. 

The  htdfiamd  9kot€pkminat^  or  na^iehot^^^U  Is  Ba 
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O^,  l{a=20'7")  per  cent.,  and  precipitated  hr  nentral  lia  salts  from  a 
neutral  solution  in  ammonia.  The  differences  between  these  salts  were 
estaldished  in  all  their  details  by  analyses,  the  means  of  which  compare 
with  theory  as  follows : — 

Neutral  ndt  Half-«oid  aalt 

Atom.  W.  477.  Atom.  W.  96(K 


,  ^ 


Theorr.      Found,  Theory.  Found. 

C    43-46       44-58  49  0*9  50*63 

H    4-02        3-98  4-39  4-37 

Ba   27-56       27  55  20  75  20-66 

The  discovery  of  the?c  snlt'?  wf\s  of  particular  importance,  as  they  led  to 
the  discovery  of  Birnilar  calcium  compouuds,  and  thereby  to  important 
theoretical  developments. 

Tlie  neutral  calcium-salt,  The  half -acid  calcium-aalt, 

C„     ,  Ca  N,  O,.  C,,  H,,  C'a  N  ^  O,. 

Atom.  W.  400.  Atom.  W.  M3. 

Theory.    Found.  Theory.  Found. 

C    54        53-86  57-54  60*37 

11    5         4-UO  515  5-74 

Oa   10        30  17  7  10  6-91 

The  calcium  compound,  on  the  basis  of  which  Stadeler  had  assumed 

€,^H,^N,^Oj  to  be  the  atomic  formula  of  bilirubinc,  had  yielded  him  (one 
analysis)  f)'l  percent,  nf  calciumoxide,  then  Aire  less  calcium  than  was  found 
intlie  ?inn]ysis  of  the  h^\if-Rcid  snlt,  or  G*.')  percent.  There  is  no  doubt  that 
StiiflLlfT  had  this  hfilf-ncid  t  onipound  before  him.  Tie  unfortunately  ob- 
tfiiiHMl  the  T!in'*t  unstable  and  uncertain  of  all  the  coir.puuuds  of  bilirubine, 
and  mistook  it  for  a  neutral  snlt,  abandoning  his  former  correct  analysis 
and  formula  of  free  bdn  uhino.  With  Stiidelcr's  last  fornuilii  of  bilirubine  fall 
the  formulte  of  all  othir  suhstam  t  s  ch  scribed  by  him  under  the  names  of 
biliverdine,  biliprasin,  hiliftiscine,  and  bdihumine. 

The  fialf-acid  cfioh}>h<i  i)!ate  of  zinc,  (' ir,^ZnN,  O,,  with  11*05  per 
cent,  of  Zn,  and  the  neutral  cftolophainate  of  lead^  C,^  H^^  Pb  Nj 
Pb =36-50  per  cent.,  were  also  obtained.  Basic  cholophainate  of  lead  is 
analogous  to  the  basic  silver-salt,  as  in  it  two  atoms  of  hydrogen  are  re- 
placed by  one  didynamtc  atom  of  lead*  Formula  »  C,  H^Pb  NO,,  Pb  >b  56*25 
per  cent. 

Some  copper  etmpoundt  were  also  obtained. 

A  new  reaction  for  cholopbaeine  is  given.  It  oonsista  in  dissolving 
tbe  dry  powder  in  faming  sulphuric  acid.  A  splendid  green  is  at  once 
produced.  Tbe  substance  is  not  biliverdine,  but  a  product  which, 
when  isolated,  contains  an  atom  of  water  more  than  bilirubine,  and  is 

H„  NO,,  and  is  named  cholothaUine  bjr  the  author.  Cholothalline 
colonra  wool  of  a  fast  green,  indestructible  by  acid,  discbaiged  by  ammonia. 

Cbolophieine  also  yields  a  blue-coloured  substance  by  treatment  with 


Digitized  by  Google 


1867.]    Dr.  Thudichum  on  the  Coloming-inaiter  oft/ie  Urtae.  217 


nitric  icid  (cfaolocjraiiie),  of  which  the  peculiar  tpectnimiras  determined. 
A  great  number  of  green,  blae»  TioIet»  and  red  bodies  can  be  produced  by 
appropriate  agent«»  which,  if  they  eonld  be  obtained  on  a  hurge  scale,  might 
find  technical  application. 

II.  On  BiUverdine  or  CAohchlonne  and  its  CompotauU, 

Sect.  1  treats  of  the  mode  of  obtaining  biltTerdine.  Cholophseine  is  dis- 
solved in  carbonate  of  potassium,  and  warmed  while  a  current  of  air  is 
passed  through  It.  When  the  solution  is  green,  it  is  precipitated  with 
hydrochloric  acid.  The  precipitated  biliverdine  is  easily  soluble  in  alcohol. 
Sect.  2  describes  the  physical  properties  of  biliverdine,  as  a  non-crystalline 
splendidly  green  substance,  the  solution  of  which  gives  no  particular  absorp- 
tion phenomena  in  the  spectrum.  Sect  3  gives  the  elementary  analyses  and 
theory  of  biliverdine,  which  led  to  the  formula  t\  Hg  NO^.  Thus  it  was 
shown  that  it  originated  from  cholophceine  by  the.addition  of  oxygen  and 
subsequent  subtraction  of  carbonic  acid. 

Sect.  4.  treats  of  the  compounds  oi  biliverdine.  The  calcium-salt  was  not 
obtained  pure.  The  barium-salt  appeared  to  be  C^^  H„iia,'S  O.,  and  was 
precipitated  by  baryta-water  from  an  alcoholic  solution  of  biliverdine.  It 
consequently  coasiitr  l  of  uue  atom  of  the  neutral  salt  with  uu  atom  of 
biliverdine  and  one  oi  water.  Lead  and  copper  compounds  were  also  ob- 
tained. No  Insoluble  silver-salt  could  be  obtained.  The  addition  of  oxide 
of  silver  to  an  alcoholic  solution  caused  a  reaction,  consisting  iu  an  oxida- 
tion of  the  biliverdine. 

A  new  reaction  for  biliverdine  is  stated.  When  dissolved  in  alcoholic 
ammonia,  and  boiled  with  an  ammonlacal  eolation  of  silTCr  nitrate,  silver  is 
deposited,  and  on  addition  of  an  acid  a  splendid  purple  matter  is  produced 
(biiipurpine). 

Of  these  new  substances  and  others  the  author  hopes  to  treat  in  future 
commnnicationB. 

Chlorine  and  other  substitution-products  are  also  mentioned. 

The  foregoing  contributions  will  make  the  chemistry  of  the  bile  in  the 
main  complete.  Human  bile  contaius  cholophseine,  but  most  commonly 
by  the  side  of  it  bUi/uteMe,  a  brown  subetanee  to  be  treated  of  hereafter. 

Second  Serie8.^The  Chemical  Nature  and  Compoaition,  Combina- 
tions and  Metamorphoses  of  the  Colouring-matter  of  the  Urine. 

/.  On  Uromelanine,  a  product  of  decomposition  of  Vrochronic. 
In  the  Hastings  Prize  Essay  for  186  1  the  author  described  a  substance 
to  which  he  gave  the  name  of  Uromelanine,  on  account  of  if"  origin  and 
black  colour.  He  now  describes  the  method  of  o]>taining  it  from  putrid 
urine  as  well  as  fresh,  and  a  method  of  puritication  by  which  it  is  obtained 
of  uniform  composition  and  in  a  pseudo-crystalline  condition. 
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He  hu  prepand  twelvft  ipeoimeni  hy  Tftriou  prowiNi,  ind  analyaed 

mtny  of  them,  u  well  u  «  gmt  number  of  their  oompoandi,  witk  variona 
meUli.  Theit  preparatioiii  are  marked  reapeeUveljr  aa  in  the  ibUowing. 

Prige  Sttay  ]^eparaHoM>  Ceu^undt, 
By  boiUng  with  H,  SO^ 
A.  I.  From  fresh  urine*  Elementary  analysei.  Neutral.  Ba  salt  (Ur,  Ba), 

Zn  aalt  (Ur,  ZnJ,  Pb  salt  (Ur,  Pb,). 
A.  II.  From  fresh  urine.    Ag  salt  (Ur  Ag),  iia  salt  (Ur^  BaJ. 
By  addition  of  II .  S(     no  boiling  : — 

A.  III.  From  putrid  urine.   Ag  salt  (Ur  Ag),  iia  salt  (Ur^  ^a,)«  i^a  aalt 

(Ur,  Ca.). 

Preparuiimu  made/or  the  preteni  reteareh. 

By  boiiiug  with      SO^ : — 

B.  I. 

B.  II.  Two  elementary  analyses. 
B.  IIL 

Befofe  boiKng  with  H,  80,  i» 
CI. 

Alter  hoiUng  1-^ 
0,  II.  Six  elementary  andyeea. 

Belbfe  hoOfaig  t— 

D.  I.  Two  N  determinations.  N=18*S8  percent.  Agsalt  (Ur,  AgJ,  Ca 
salt  (Ur,  Ca)  and  (Ur,  Ca,),  Zinc-salt  (Ur,  Zn). 
Atler  boiling  with      SG^i — 
D.  11. 
D.  III. 

D.  IV.  Two  N  dettruiinations.  N=  1 2*40  per  cent.  Ag  salt  (Ur,  Ag,),  Ba 
aalt  (Ur,  ;Ba)  and  lixw^t  (Ur.  iCu) , 

tSyno^iis  of  Vromelanateg  obtained  with  the  foregoing  preparatione, 

Siher-taltt, 

Prppamtion.  It     Ag.  Ag.  found. 

(A.  II.).  (A.  III.). .    1  -r  1  13-38  per  cent. 

(D.  I.)   2      3  18-57  „ 

(D.  IV.)    3  -^  5  197/ 


t^r     Ba,  Ba  band. 

(B.  IV.)   5  4-2  7'20  per  cent. 

(A.  I.).(0.  IV.)..    2  -J.  I  8-34 

(A.  II.), (A.  III.)..    4-5-3  18-28 
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Calcium-salts, 


Vt  -r  €ft.  fomul. 

(D.  I.)   5  -r  2  2  03  per  cent. 

(A.  II.)   4  -i-  3  4*35  „ 

(D.  I.)   2-3  7-27  u 

Zine-'ialU, 

•7-  8n.  Ai  found. 

(D.I.)   3  -r  1  2-82 percent. 

(A.I.)   5  4-2  3-54  „ 

(D.  IV,)   2^1  4-42  „ 


lead-salt, 

Ur  ^  Pb.  Pb  found, 

fA,  T.)   ;5       2  15'70  per  cent. 

The  aii  ilv  SOS  of  (A.  I.),  (A.  HI.),  (D.  I.),  (D.  IV.),  aud  of  the  two- 
thirds  babic  silTer-salt  (Ur,  Ag,)  determined  uromelamne  to  be  C,^ 


Theory  of  atomfl. 

Per  cent 

Found,  mean. 

432 

58-93 

57-21 



■v^ 

5-74 



D8 

13-36 

12-8.^ 

160 

21-85 

24-17 

733 

100-00 

100*00 

The  niwmal  iUver^t  is  C„  H^^  Ak  N,      and  ifl  thefefon  0r-|-Ag 
— H,       One  atom  of  water  leaves  fjr  when  Ag  enters,  besides  H. 
The  hal/'hamc  tUver^U  sbows  no  loss  of  water. 
The  Itoo-ZAihlf  iatie  iiher'tali,  Ur,  Ag„  is  an  exoeeduigly  wdUdeincd 

eompound.    Ita  formula  is  C,^^  H,..^  Ag,  N^^  O^^,. 

Sequirod  in  UK).  Found. 


€    47-40  4G  yO 

n    4-53  4-77 

Ag   19-75  19-77 

N    10-75  10-3C 

O    17-57  18-20 


100-00  100  00 

The  other  nine  salts  mentioned  in  the  synopsis  hhxc  nil  been  analjied. 
They  support  eaeh  otlier*s  theory,  and  (he  details  of  their  deseriptioii  mnst 
be  seen  in  the  main  paper. 

Uromclanine  is  a  product  of  decomposition  of  the  yeno\v-coloure(l  in- 
gredient of  the  urine,  urochromo.  Its  atomic  weiglit  (733)  is  higher 
than  that  of  any  other  product  of  decomposition  of  animal  or  organic 
matter ;  it  contains  neither  snlphur  nor  iron.  While  the  analyses  of 
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cholophseine  and  biliverdine  have  shown  that  they  have  no  apparent  rela- 
tion to  hematme,  as  was  formerly  supposed,  the  analyses  of  oromelanine 
hare  made  it  probable  that  this  substanee  is  a  dertvative  of  the  coloured  part 
of  the  blood,  cruorine  or  hetnatocrystalUne,  not,  however,  of  hematine, 
for  the  atomic  weight  of  hematine  is  apparently  smaller  than  that  of  nro- 
melaotne.  Bat  crystallized  cnAorine  has  an  atomic  weight  of  about  13,000 
(^b0*45  per  cent.).  From  such  a  body  urochrome,  including  as  it  does 
uromehmine,  nropittine,  omicholiue,  and  perhaps  other  matters  (to  be 
described  in  future  communications),  might  be  derived  with  an  atomic 
weight  of  perhaps  1500,  being  itself  near  that  of  albumen  (1612),  but 
unable  to  derive  from  it.  The  author  thinks  it  possible  that  the  quantity 
of  blood-disiutegration  might  be  measured  by  determining  the  amount  of 
uromelaniue  obtainable  from  given  quantities  of  urine  excreted  in  given  times. 
In  any  case  uromelanine  is  one  of  the  most  remarkable  substances  in  the 
whole  domain  of  organic  and  animal  chemistry,  aud  the  further  study  of 
its  metamorphoses  cannot  fail  to  yield  highly  interesting  results. 

December  19, 1867. 
Lieat.-6eneral  SABINE,  President^  in  the  Chair. 

Pursuant  to  notice  given  at  the  last  Meeting,  Professor  Stokes  proposed, 
and  Mr.  De  la  Rue  seconded,  the  llight  Honourable  the  Earl  of  Uosse  for 
election  aud  iuiiaediate  ballot. 

The  ballot  having  been  taken,  the  Karl  of  llosse  was  dt'clared  duly 
elected. 

The  Bakerian  liScture,  **  Researches  on  Vanadium,"  was  delivered  by 
Prof.  H.  £.  Bosco^  Ph.D.,  F.B.S. 

The  Bakerian  Lectves.—*^  Besearches  onVanadium.^'— Fart  I.  By 
Henry  £.  Boscos^  B.A.,  F.R.S.   Beceired  November  20^  1867. 

(Abstract.) 
I.  Introduction, 

Amongst  the  physical  properties  which  pomt  ont  the  general  relation* 
ship  and  dassifioation  of  ehefuieal  compounds,  none  has  so  deservedly  ob- 
tained the  confidence  of  chemists  as  isomorphism.  The  vanadium  com* 
pounds  have,  however,  proved  a  remarkable  and  unexplained  exception  to 
the  conclusions  which  generally  follow  from  well  ascertained  identity  of 
crystalline  form.  Rammelsberg,  and  aftenvards,  more  completely,  Schabus, 
pointed  out  the  fact  that  the  mineral  vanadinitc  from  several  localities  (a 
compound  of  lead  vanadate  and  lead  chloride)  is  isomorphous  with  apatite, 
pyromorphite,  and  mimetesite,  minerals  consisting  of  calcium  phosphato- 
chloride,  lead  pliosphato-chloride,  and  lead  arsenato-chloride. 

The  crystalline  form  of  all  these  minerals  is  an  hexagonal  prism,  termi- 
nated by  6 -sided  pyramids.   So  far  indeed  lias  the  isomorphism  of  these 


uiLjiiizuU  Dy  Google 


i86r.] 


Prof.  Bosooe  on  Vanadium. 


221 


compounds  been  traced,  that  in  many  specimens  these  minerals  hnvc  been 
fauuil  to  crystallize  together  in  all  proportions  ;  and  Ileddle  describes  a 
crystal  in  hi  s  |)osses?ion,  the  upper  half  of  which  cou^bts  of  vaaadiiiite  and 
the  lower  half  of  [)yio)iiorphite. 

Our  knowledge  conccruini^  the  chemical  composition  of  the  oxides  of  va- 
nadium is  derived  from  the  accurate  analytical  resulLs  of  Ik'rzclius,  to  whose 
celebrated  research  (1S.'}1  )  on  vanadium  we  are  liukbtcd  for  almost  nil  we 
kaow  of  this  metal  and  its  compounds.  From  these  experiment-^,  more  or  Ie>s 
completely  confirmed  by  Schafarikand  Czudnowicz,  it  appears  that  the  for- 
mula of  vanadic  acid  is  VO,.  Hence  it  is  evideot  that  we  have  here  to  do  with 
either  a  case  of  diflsimilarly  constitated  wibstances  acting  as  isomorphoua 
bodies  and  crystallizing  together,  or  else  the  oondusioiui  of  Berxeltue  are 
mistaken,  and  the  true  formula  of  vanadic  acid  is  V,Oa,  corresponding  to 
phosphorus  and  arsenic  pentoxides.  The  first  of  these  alternatives  has  been 
properly  accepted  by  most  chemists  as  the  only  present  solution  of  the  dif- 
ficulty, inasmuch  as  the  definite  experimental  data  given  by  Berselius  ren- 
der the  assumption  of  any  other  formula  but  YO,for  vanadic  acid  perfectly 
gratuitous  in  the  absence  of  experiments  proving  these  data  to  be  erroneous. 

Berzeliufl  based  his  conclusions  on  the  following  experiments,  viz. 
(1)  the  constant  loss  of  weight  which  vanadic  acid  undergoes  on  reduction 
in  hydrogen  at  a  red  heat ;  (2)  the  action  of  chlorine  on  this  reduced 
oxide,  when  a  volatile  chloride  is  formed  and  a  residue  of  vanadic  acid  re- 
mains, which  is  found  to  be  exactly  one-third  of  the  quantity  originally 
taken  for  reduction  in  hydrogen.  Hence  Berzelius  concludes  that  the 
number  of  atoms  of  oxygen  in  the  oxide  is  to  that  in  the  acid  in  the  pro- 
portion of  I  to  3  ;  so  that  (assuming  the  lowest  oxide  to  contain  one 
atom  of  oxygen)  the  acid  contains  three  atoms  of  oxygen,  a  result 
which  he  finds  borne  out  by  its  capacity  of  saturation.  The  question 
whether  the  acid  contains  one  or  two  atoms  of  metal  Berzelius  decides  in 
favour  of  the  former  view,  by  finding  that  no  compound  corresponding  to 
the  alums  is  formed  when  vanadic  acid  is  brought  together  with  stdphuric 
acid  and  potash.  The  analyses  of  the  volatile  chloride  made  both  by  Ber- 
zelius and  ^chafarik  confirm  this  conclusion,  and  place  beyond  all  doubt 
the  fact  that,  if  the  atomic  weight  of  vanadiinn  be  taken  to  be  G8'5  and 
0=8,  the  formula  of  vanadic  acid  is  VO,,  tliat  of  the  oxide  prepared  by 
reduction  VO,  and  that  of  the  chloride  VCig. 

In  the  present  communication  the  author,  whilst  confirming  these  funda- 
mental results  in  every  particular,  still  arrives  at  a  totally  different  conclu- 
sion from  Berzelius  respecting  the  constitution  of  vanadic  acid  and  aU  the 
other  vanadium  compounds ;  for  he  proves  that  the  true  formula  of  vanadic 
acid  is  Y,Os,  when  0^16,  and  the  true  atomic  weight  of  vanadium  V=  51*2, 
inasmuch  as  the  substance  supposed  to  be  vanadium  is  not  the  metal  but 
an  oxide,  with  an  atomic  weight  of  67*2,  nearly  that  of  BeneUus's  metal, 
whilst  the  supposed  terehloride  is  an  oxyehloride* 
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The  following  are  the  grounds  upon  which  these  conclnnoiui  are  biaed ; 
the  experimental  proofs  are  contained  in  the  memoir : — 

(1)  An  oiide  of  vanadium  exists  having  the  atomic  weight  67*2  (that  of 
the  metal  of  fierxelins).    Hence  vanadie  acid  contains  more  than 

three  atoms  of  oxygen. 

(2)  The  following  vanadiam  oxides  have  been  obtained,  both  in  the  dry 
and  wet  way,  and  their  composition  determined 

(1)  YO*,  Tanadinm  monoxide,  or  vanadyl  =  67*2 

('-)  ^  ,0,,  vanadium  scsqiiioxide  (Berselius's  suboxide)  „  150*4 

(3)  YO_„  vanadium  dioxide  „  83*2 

(4)  VjOj,  vanadium  pcntoxide  (vanadic  acid)  „  182*4 

(3)  The  so-called  terchloriJe  of  vanadium,  yC]^^  =  67  2),  contains 
oxygen;  it  is  an  oxychloride  having  the  formula  YOGI,  (Y=51'2)  ; 
it  may  be  colled  vanadyl  trichloride,  or  vnnndium  oxytrichloride,  and 
corresponds  to  FOCI,,  phosphor}'!  trichloride. 

(4)  Three  other  solid  oxychlorides  exist,  having  the  composition 

(1st)  VOCl,  vanadyl  dichloride,  or  vanadium  oxydichloridc. 
('2nd)  YOCl,  vanadyl  moiiochloride,  or  vanadium  oxymonochloride. 
(3rd)  Y  O  CI,  divanadyl  monochloiide. 

(5)  All  the  native  vanadates  nre  tribasic. 

((>)  Vanadium  pentoxide  fusetl  with  sodiunx  carbonate  displaces  three 
molecules  of  carbon  dioxide,  ^-liuwmg  that  normal  or  orlho-sodium 
vanadate  is  tribasic,  the  tormula  of  this  salt  being  Na^VO^. 

(7)  The  so-called  monovanadates  nre  salts  corresponding  to  the  mono- 
basic phosphates,  and  may  be  tei meJ  uulavaiiuiUu-b  ,  thus,  NaA'O^, 
NHjVOj,  Ba2V0,.  The  so-called  bivauadates  arc  anhydro-salts, 
similar  in  constitution  to  the  anbydro-salts  of  chromic  and  boric 
adds. 

(8)  Vanadium  nitride  has  been  prepared,  wliich»  on  analysis,  was 
shown  to  contain  51*2  parts  by  weight  of  vanadium  to  14  parts  of 
nitrogen. 

All  the  reactions  according  to  which  vanudic  acid  was  supposed  (Berzelius, 
Rammelsberg,  Sehatarik)  to  contain  three  atoms  of  oxygen  with  an  atomic 
weight  Y=67'2,  can  equally  well  be  explained  when  Y,0,  (V=51'2)  is 
taken  to  represent  the  composition  of  this  substance.  That  this  is  the  case 
2i  seen  from  the  fbllowing : — 

BMielios*tfomoIiB.  K«nr  formuln. 

O-g.)  (y=61-2.  0»}6.) 

(1)  VO,+H,»VO  +H,0,  V,0,+2H,=VA+2  (H,0) 

(2)  3  (V0)-|.CI.«V0,+2  (VCU  3(V,0.)+6CI,-V.O,+4(VOCI,) 

•  It  is  pof'f'il-'U'  thjit  the  molcculor  formuUc  of  lliese  hubetantr!!  (VOjVOsX  a*  well  a« 
those  of  the  mVid  uxyoliloridcs,  may  be  a  multiple  of  the  abovi*.  Further  experiment 
must  daeide  whether  or  not  these  oxides,  like  tlie  ooRcaponding  nitarogen  ooonpoimdr, 
are  an  eneption  to  the  Jaw  otvrm  atomidtiea. 
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II.  Occurrence  and  Preparation  of  ike  Vanadium  Compoande. 

The  sources  of  yanadium  hare  hitherto  yielded  the  compounds  of  this 
metal  in  extremely  amall  quantities,  and  consequently  our  knowledge  of  the 
substance  is  hut  limited.  The  attention  of  the  author  was  drawn  to  the 
occurrence  of  vanadium  in  some  of  the  copper-bearing  beds  of  the  Lower 

Keuper  Sandstone  of  the  Trias,  worked  at  Alderley  Edge  and  Mottram  St. 
Andrews,  in  Cheshire.  He  obtained  a  large  quantity  of  a  lime  precipitate, 
containing  nearly  2  per  cent,  of  vanadium,  obtained  in  working  up  a  poor 
cobalt-ore  from  Mottrara  in  a  mine  now  closed.  The  precipitate,  contain- 
ing mainly  arsenic,  iron,  lead,  copper,  vanadium,  and  lime,  with  sulphuric 
and  phosphoric  acids,  was  first  well  furnoocd  with  ground  coal,  to  drive  off 
the  greater  portion  of  the  arsenic,  and  then  roasted  with  one-quarter  of  its 
weight  of  soda-ash,  so  as  to  convert  the  vanadium  into  a  soluble  vanadate, 
and  on  lixiviation  arsenic  and  the  lieavy  metals  were  completely  tlirown 
down  by  snlphnretted  hvdrogen.  The  deep-blue  solution  was  neutralized 
by  ammonia,  llie  precipitated  vanadium  oxide  dried  and  oxidized  by  nitric 
acid,  and  the  crude  vanadium  pentoxide  tlius  obtained  boiled  out  witli  a  satu- 
rated solutionof  ammonium  carbonate.  The  slij;litly  soluble  ammonium  vana- 
date was  washed  and  recrystallized.  In  order  to  prepare  pure  vanadium  pent- 
oxide  iroin  this  salt  it  was  roasted,  and  the  powder  thus  obtained  sus])ended 
in  water  into  which  ammonia  gas  was  passed.  The  dissulvt  J  aaiaiuumm 
vanadate  was  separated  by  filtration  iVoui  a  residue  containing  silica,  })hos- 
phatcs,  &,c.  The  pentoxide  obtained  by  heating  this  salt  was  free  from 
phosphorus.  A  second  method  of  preparing  the  pure  vanadium  pentoxide 
consists  in  decomposing  the  pure  oxychlortde  in  water,  and  fireeing  the  pent* 
oxide  from  any  traces  of  silica  by  exposure  to  hydrofluoric-acid  gas.  Great 
difficulty  was  experienced  in  obtaining  vanadium  free  from  phosphorus  j  all 
the  native  vanadates  contain  large  quantities  of  phosphorus.  The  action  of 
traces  of  this  substance  upon  vaoadium  pentoxide  is  remarkable ;  1  per 
cent,  of  phosphoric  acid  renders  ciystalline  vanadium  pentoxide  black  and 
amorphous,  whilst  the  presence  of  the  merest  trace  altogether  prevents  the 
reduction  of  the  pentoxide  in  hydrogen, 

III.  Jiomie  We(^ht  determmaHen  of  Fanadium  by  redueHon  of  Famdium 

Pentoxide  in  Hydrogen* 

This  method  was  the  one  originally  employed  by  Benelins.  It  is  per- 
fectly reliable,  and  yields  accurate  results  when  carried  out  with  care  and 
due  regard  to  the  necessary  precautions,  which  are  detailed  in  the  me^ 
moir. 

In  drying  the  pure  hydrogen  gas  only  sulphuric  add  can  be  used,  as 
phosphorus  pentoxide  used  in  the  last  drying-tube  was  found  invariably  to 
be  carried  over  into  the  boat  containing  the  substance ;  and  the  presence  of 
a  trace  of  phosphoric  add  renders  the  complete  reduction  to  sesquioxide 
impossible* 
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The  form^ila  of  vanadium  pentoviile  being:  Y.O  ,  and  tlmt  of  the  oxide 
obtaiiTfJ  by  reduction  beiog  ^/^v  atomic  weight  of  the  metal  is  fouuU 
from  the  equation 

»  =  T  

a  —  b 

where  cr— the  weight  of  vanadium  pentoxide  taken,  and 
6=  „         M         sesquioxide  obtained. 

In  mush  of  the  determinfttions  a  weight  of  not  leas  than  5  grammes  of 
substance  was  operated  on. 

Weight  of  vanadium    Weight  of  vanadium      Atomic  weight 
'^Q».  pentoxide  taken.      wsquioxide  obtained.  ofranadiuin. 

1    77397    6-3827    61'2C 

2    6-581S)    5-4296    51-39 

3    5-1895    4-2819    51-48 

4    5-0450    4-1614    51-35 

Hence  the  mean  atomic  weight  from  these  experiments  is  51*37,  with  a 
mean  error  of  +  0'0G6.  Berzelius's  mimber,  calculated  accorditig  to  the 
above  equation,  is  52  55.  The  diflPerence  is  probably  owing  to  tlie  fact 
that  his  ynnadinm  contained  a  trace  of  phosphorus,  which  prevented  the 
complete  reduction. 


IT.  2'Jte  VanddiuM  Oxide** 

(1)  Vanadium  monoxide,  or  vanadyl               ...  VO  or 

(2)  sesquioxidc  (Berzelius's  suboxide). .  VoO^  or  V^O^+O 

(3)  dioxide  (Berzelius's  vanadic  oxide)  .  YO.^  or  V^^O.^-l-Oj 

(4)  M       pentoxide  (vanadic  acid)   Y^O,  or  V,0,+03 


(1)  Vanadium  Monoxide,  VO=67*2. — In  its  power  of  uniting  with 
oxygen  vanadium  surpasses  uranium,  as  observed  by  Peligot ;  and  as  this 
oxide  is  found  to  enter  into  many  of  its  compounds,  the  name  Vanadyl  maj 
appropriately  be  given  to  it. 

Vanadium  monoxide  is  a  grey  powder  possessing  a  metallic  lustre,  and 
is  obtained  by  passing  the  vapour  of  vanadyl  trichloride,  mixed  with 
excess  of  hydrogen,  through  a  oombustion-tube  containing  red-hot  carbon. 

This  oxide  may  be  prepared  in  solution  by  the  action  of  nascent  hydro- 
gen, evolved  by  metallic  zinc,  cadmium,  or  sodium  amalgam,  upon  a  solu- 
tion of  vanadic  acid  in  sulphuric  acid.  After  passing  through  all  shades 
of  blue  and  grooi,  the  liquid  attains  a  permanent  lavender  tint,  and  con- 
tains the  vanadium  in  solution  as  monoxide.  This  compound  absorbs 
oxygen  with  such  avidity  as  to  bleach  indigo  and  other  vei^ctable  colourings 
matters  as  quickly  as  chlorine,  and  far  more  powerfully  than  anj  other 
known  reducing  agent.  The  degree  of  oxiilation  of  the  dissolved  vanadium 
was  estimated  by  a  standard  solution  of  iiermanganate,  which  had  been 
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proved  to  give  accurate  results  with  a  vanatlium  oxide  of  known  composi- 
tion, the  point  of  maximum  oxiJntinn  heiiig  obtained  when  the  solution 
became  pink.  According  to  this  method,  100  parts  of  vanadium  pontoxide 
were  shown  to  have  lont  20-53  j>er  cent,  of  oxygen  on  reduction  with  zinc ; 
the  percentage  ]o>s  from  V  ().  to  V  O,  is  26-3. 

When  the  neutral  lavt-iuh  r-cjlouriJ  i-olutiou  of  a  monoxide  salt  is  allowed 
to  stand  expoised  to  the  air  for  a  few  seconds,  the  colour  etianges  to  a  deep 
chocolate-brown  from  absorption  of  oxygen  ,  indeed  this  reaction  for 
oxygen  is  as  delicate  as  that  of  an  alkaline  pyrogallate.  If  air  be  passed 
through  the  acid  lavender-coloured  solution  of  vanadous  sulphate,  oxygen 
is  absorbed,  and  the  liquid  assumes  a  permanent  blue  colour,  and  the  Tana- 
dium  is  contained  in  solution  as  dioxide.  If  the  free  acid  contained  in  the 
lavender  solution  be  neutralized  by  zinc,  the  liquid  on  exposure  to  air  at- 
tains a  permanent  brown  tint,  which,  on  addition  of  acids,  becomes  green, 
and  the  solution  contains  sesquioxide. 

(2)  Fanadium  Setptumde,  Yfi^^\a0'4  (Berzelins*s  suboxide). — Ob- 
tained as  a  black  powder  hj  reducing  vanadium  pentoxide  in  hydrogen 
at  red  heat.  "When  exposed  warm  to  the  air  it  glows,  absorbs  oxygen, 
and  passes  into  the  highest  oxide.  At  the  ordinary  atmospheric  tem- 
perature it  slowly  absorbs  oxygen,  and  b  converted  into  dioxide.  Vaua- 
dium  sesquioxide  is  insoluble  in  acids,  but  may  be  obtained  in  solution  by 
the  reducing  action  of  nascent  liydrogen  evolved  from  metallic  magnesiam 
upon  a  solution  of  vanadic  acid  in  sulphuric  acid.  The  changes  of  colour 
observed  in  the  case  of  the  monoxide  solutions  do  not  continue  beyond  the 
green,  and  the  liquid  contains  vanadium  in  solution  as  sesquioxide.  1 00 
parts  of  vanadium  pentoxide  were  found  to  lose,  on  reduction  with  mag- 
nesium, 17'7  per  cent,  of  oxygen  ;  the  loss  on  reduction  to  V^O,  is  17*5 
per  cent.  Sohitious  of  vanadium  sesquioxule  can  aUo  he  obtained  by  par- 
tial o\i(l;tti(>n  of  tiie  lavender-coloured  solution  contaiuiu^^  monoxide. 

Chioriuc  attacks  the  sesquioxide  in  the  uianner  tirst  pointed  out  by  Ber- 
selius  accordine  to  the  formula  3  ( V  ()  )  +  6Cl  =  V.O.  +  4(  VOCl,). 

(.1)  VanadiUiH  D»Wi</e,VO_^  =  83*2  (the  vauadic  u.xulcof  Herzelius). — This 
oxide  was  obtained  by  Berzelius  by  preci|JiL,tUuu  from  its  salts.  It  Uiay 
also  he  })rejj<uctl  in  the  form  of  blue  fehiniug  crystals  by  allowing  the 
sesquioxide  to  absorb  oxygen  at  ordinary  temperatures.  It  is  contained 
in  solutions,  having  a  bright  blue  colour,  prepared  by  the  action  of  mode- 
rate reducing  a<;ent8,  such  as  sulphur  dioxide  and  sulphuretted  hydrogen, 
oxalic  acid,  ike  ,  upon  vanadic  acid  in  solution.  100  parts  of  ranadium 
pentoxide  were  found  to  lose,  on  reduction  with  (he  two  first-named  agents, 
9*03  per  cent. ;  the  loss  on  reduction  to  YO,  u  8*75.  Solutions  containing 
the  dioxide  are  obtained  by  passing  air  through  acid  solutions  of  the 
monoxide  until  a  permanent  blue  colour  is  attained. 

(4)  Vanndium  Peniomde,  Yfi^  (vanadic  acids:  182*4).— The  properties 
of  this  oxide  and  its  compounds  are  considered  only  so  far  as  is  necessary 
for  the  elucidation  of  the  true  atomic  weight  of  the  metal. 
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Comtitution  of  the  so-called  MonovnnaJates. — The  analyses  of  Berzelius 
tare  to  paint  Ottt»  when  the  new  atomic  weight  is  adopted}  that  these 
oomponndfl  prore  to  be  metovanadates  ;  thus — 

Berzeliu.s'8  formulie. 
(V=685.  0=8.) 

Ammonia  salt    NH^VO.-l-IIO 

Barium     „    BaOVO, 

New  togmxSjK* 
(y»5M    0::::16.  Basl37.) 

Ammoninm  metavanadato  NU^VO,  or        |  0, 

Ba  1 

Barium  metavauadate  BaV^O^  or        [  ^« 

The  bWanadates  are  anbydro-salts  haring  the  composition  2(NaT0)^ 
+V,0„  or  perhape  NaJA+^VA- 

Berxeliiu's  analysis  of  this  ammonium  salt  was  carefully  confirmed,  ex- 
periment showing  that  the  salt  yielded  77*75  per  cent,  of  ranadium  pent- , 
oxide,  theory  requiring  77*82  per  cent.    The  bivanadates  analysed  by 
Von  Hauer  prove  to  be  anhydro-salts,  analogous  to  certain  chromates  and 
borates,  and  possessing  the  composition  2(NaV0,)  + V^O^. 

The  normal  or  ortho-vanadates  are  tribasic ;  the  sodium  salt  is  Na,VO^,  or 

\Q  I  O3 ;  this  is  shown  by  the  fact  that  vanadinm  pentoxide  (V.Oj),  when 

fused  with  sodium  Cftrhonati',  displiicos  3  moU'ciilrs  df  (  ailinn  dioxide. 

It  is  the  nuthor's  intentiuu  to  investigali}  tlie  con)pOi»itioa  of  the  vauR- 
dates  at  a  future  time. 

V,  Vanadium  Oxychlorideit  ond  Second  Atomic  Weight  determinai ion  0/ 

the  Mttal, 

(1)  Vanadium  Oxij trichloride,  or  Vanadyl  Trichloride^YOCly — Mole- 
cular weight  173  2.  The  fact  that  the  lemon-colonrtd  liquid  chloride  of 
vanadium  prepared  hy  the  action  of  chlorine  upon  the  sesquioxide  (Ber- 
zelius) coutaius  oxygen,  contrary  to  the  statements  of  previous  experi- 
menters, was  ascertained  (1)  by  obtaining  carbon  dioxide  from  the  decom- 
position of  the  vapour  of  the  ovychloride  passing  over  red-liot  charcoal,  (2) 
by  the  production  of  magnesia  by  the  action  of  magnesium,  (3)  by  the  for. 
matbn  of  caustic  soda  by  the  action  of  sodium.  (4)  by  the  formation  of  va- 
nadium sesqnioxide  when  the  vapour  of  the  ozychloride  was  passed  with 
pure  hydrogen  through  a  heated  tube. 

The  specific  gravity  of  vanadyl  trichloride  was  found  to  he  1*841  at 
1 4^5,  and  iu  vapour-dennty  88*2  (H=  I ),  or  6*  1 08  (airs:  I ),  and  its  boiling, 
point  126*7  under  767*0  millims.  (determined  on  100  grammes  of  substance). 
Vanadyl  trichloride,  most  carefully  purified,  was  analysed  many  times  with 
every  precftntion»  the  chlorine  being  estimated  both  by  Gay.Lussac*s  pro- 
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cess  and  br  ordinary  weight  analysis.  Nine  volumetric  analyses  gave  G 1  -30(5 
per  cent,  of  ctilorine;  seven  gravimetric  deteniiinations  gave  f)r241  per 
cent.    From  these  numbers  au  atomic  weight  of  (or  vanadium  is 

obtained.  The  mean  of  5 1  '05  and  5 1  '37,  the  number  which  the  reduction  ex- 
periments yielded/viz.  51'21,  is  taken  as  the  true  atomic  weightof  vanadium. 

The  TAiifidiaiii  in  thii  cMoride  wu  determined  as  pentoxide.  The  result 
of  the  analjaes  is  as  foU«yws : — 

Calculated.  Found. 

V  =   ,01  J    29-55    29-58 

Cl,=  lOGIl  ......    61-24    61-27 

O  =   16-0    9-21     

173-31  100-00 

(2)  Fanadhm  Osydiehloride,  or  Fmadpl  Diekionde,  YOCI,=  137-9.— 
This  substance  is  a  light  green  crystalline  solid  body,  obtained  by  the  action 
of  zinc  on  the  trichloride  at  400°  in  sealed  tubes.  It  has  a  specific  gravity 
of  2-88,  is  insoluble  in  water,  but  deliquesces  on  long  exposure  to  air,  and 
diasoWes  easily  in  acids.   Analysis  gave 

Calculated.  Found, 

V                        37-13    37'58 

CI,                     51-27    5073 

O    11*60     

10000 

(3)  Vanadium  Oxymonochloride^  or  Vanadyl  Monochloride,  VOCI= 
102'57.  This  body  is  a  brown,  light,  powdery  solid,  formed  by  the  action 
of  hydrogen  upon  vanadyl  trichloride  at  a  red  heat.  It  is  insoluble  in 
waterj  but  readily  soluble  in  acids.   Analysis  gave 

CSalculntcd.  Found. 

V    49-96    50-21 

CI   34-45    34-33 

O    15-59     

lOO'OO 

(4)  Divanadtjl  Monochloride,  V.O^C!  =  169-8.  This  oxychloride  is 
also  formed  by  the  action  of  hydrogen  at  a  red  heat  on  VOCI  ,.  It  cau 
readily  be  separated  from  the  foregoing  compound,  as  it  is  u  heavy, 
shinini^,  iiK  t  illic  powder,  resembluig  mosaic  gold "  in  its  appearance . 
Analysis  gave 

Calculated.  Found. 

V,   60-37    61'69 

CI    18-82    18-93 

O,   20*81     

100-00 
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YI.  Fanadium  Niirideg. 

0 

(1)  Vanadium  Mononitride^  VN=5(i.5*2. — A  prevish  powder  unalter- 
able in  the  air,  obtained  by  heating  the  fimmonium  ovycliloridc  to  white- 
ness in  ji  ourreat  uf  amni(>m;i.  Both  vanadium  and  nitrogen  were  directly 
estimated,  with  the  following  results  : — 

Calnilated.  Found.  • 

Vanadium    78-6    77*8 

Nitrogen    21*4    20-2 

(2)  Vanadium  Dinitride,  YN,=79'2. — A  black  powder  obtained  by 
Uhrlaub  oa  heating  the  ammonium  oxy chloride  to  a  moderate  temperature. 
The  vanadium  was  estimated  by  Uhrlaub,  but  he  did  not  understand  the 
constitution  of  the  substance,  as  he  assumed  the  atomic  weight  of  the 
metal  to  be  68  5,  riTul  did  not  estimate  the  nitrogen. 

The  vanadium  nitrides  tml  only  demonstrate  with  absolute  certainty  the 
true  atomic  weight  of  tin  metal,  but  tliev  nlso  serve  as  the  startlni:  point 
from  which  to  roiiiuH  1)  I  I  lie  study  of  the  metal  itself,  as  well  as  an  en- 
tirely new  ( la.ss  ot  bodieb,  vu.  the  Gompouads  of  vauadiutn  with  chloriue 
and  the  other  halogens. 

The  antlior  hopes  to  describe  these  interesting  substances  in  the  next 
comoiuuicatiou. 

The  Society  then  adjourned  over  the  Christmas  Recess  to  Thursday, 
January  9  th, 
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Lieut-General  SABINE,  President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  On  the  Conditions  for  the  existence  of  Three  Equal  Roots^  or  of 
Two  Pairs  of  Equal  Roots  of  a  Binary  Qaai*tic  or  Quintic/'  By 
A4  Catlsy^  F.B.S*   Received  November  26,  1867. 

(Abstract.) 

In  considering  the  conditions  for  the  existence  of  given  systems  of 
equalities  between  the  roots  of  an  equation,  we  obtain  some  very  interesting 
examples  of  the  composition  of  relations.    A  relation  is  cither  onefold, 
expressed  by  a  single  equation  U  =  0,  or  it  is,  say,  /-fold,  expressed  by  a 
system  of  k  or  more  e(|u;it;ions.    Of  course,  as  regards  onefold  relations, 
the  tliPory  of  the  compobitioii  Is  well  known :  the  relation  UV  =  0  is  a  re- 
lation compounded  of  the  relations  U=0,  V— 0  ;  that  is,  it  is  a  relation 
satisfied  if,  and  not  satbfied  unless  one  or  the  other  of  the  two  component 
relations  is  satisfied.    The  like  notion  uf  composition  applies  to  relsLtions 
in  p^ncral  ;  viz.,  the  coinjjouud  relation  is  a  relation  satisfied  if,  ami  nut 
not  buiisfied  unless  one  or  the  other  of  the  two  component  relations  is 
satisfied.    The  author  purposely  refrains  at  present  from  any  further  dis- 
cussion of  the  theory  of  compodtion.   The  conditions  for  the  existence  of 
given  systems  of  equalities  between  the  roots  of  an  equation  fiurnish  hi- 
stances  of  such  composition ;  in  fhct,  if  we  express  that  the  fbnetbn 
(*  j^u  ,  ^)   and  its  first-derived  fhnction  in  regard  to     er«  what  is  the 
same  thing,  the  first>derived  functions  in  regard  to    y  respectively,  have  a 
common  quadric  factor,  we  obtain  between  the  coefficients  a  certain  twofold 
rehition,  whidi  implies  either  that  the  equation  (^^X*^  '  v)*™^  ^ree 
equal  roots,  or  else  that  it  has  two  pairs  of  equal  roots ;  that  iSi  the  rela* 
tion  in  question  is  satisfied  if,  and  it  is  not  satisfied  unless  there  is  satisfied 
either  the  relatiou  for  the  existence  of  three  equal  roots,  or  else  the  relation 
for  the  existence  of  two  pairs  of  equal  roots;  or  the  relation  for  the 
quadric  factor  is  compounded  of  the  last>mentioned  two  relations.  The 
relation  for  the  quadric  factor,  for  any  value  whatever  of  n,  is  at  Once  seen 
to  be  expressible  by  means  of  an  oblong  matrix,  giving  rise  to  a  series  of 
determiuants  which  are  each  to  be  put  =0 ;  the  relation  for  three  equal 
roots  and  that  for  two  pairs  of  equal  roots  in  the  particular  cases  n=4 
and  n=5,  are  given  in  the  author's  *'  Memoir  on  tlio  Conditions  for  the 
existence  of  given  Systems  of  Equalities  between  the  roots  of  an  Equation," 
Phil.  Trans,  t.  cxlvii.  (1M57),  pp.  727-731  ;  and  1h>  projioscs  in  the  present 
Memoir  to  exhibit,  for  the  ca-is  in  question  «  =  4  aud«=sj,  the  connexion 
between  the  compound  relation  for  the  quadric  factor  and  the  component 
relations  for  the  three  equal  roots  and  for  the  two  pairs  of  equal  roots 
respectively. 

VOL.  XVI.  Y 
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11.  The  Caudal  Heart  ol  the  Eci  a  Lymphatic  Heart. — Eflfect  of 
the  force  with  which  the  lymph- stream  is  propelled  therefrom 
on  the  flow  of  blood  in  the  Vein  into  which  the  heart  opens. 
— Explanation  of  the  ajipeaiaiice  of  blood  propelled  in  successive 
drops,  as  if  from  the  heart,  along  the  Caudal  Vein. — InlluLnce 
which  the  force  of  the  lymph-strcani  from  the  heart  exerts  in 
accelerating  and  promoting  the  flow  of  blood  in  the  Caudal  Vein." 
By  TnoMAs  Wfiartox  Jones,  F.R.S.,  Professor  of  Ophtlmlmic 
]\Iediciuc  and  Surjjcry  in  University  College,  London,  Ophthalmic 
burgeon  to  the  Hospital^  &c.    Heccived  November  ^G,  1867. 

(Abstract.) 

To  dplain  the  true  nature  of  the  phenomenon  of  drops  of  blood  pro- 
pelled in  rapid  sncoessioD,  as  if  from  the  oaudal  heart,  along  the  caudal 
vein, — to  prove  thenby  that  the  caudal  heart  belongs,  not  to  the  blood* 
vaacnlar  system,  fant  to  the  lymphatic  system, — and  to  inqoire  mto  the  in- 
fiaenoe  which  the  force  of  the  lymph-stream  from  the  caudal  heart  exerts  m 
acceleratuig  and  promoting  the  flow  of  blood  in  the  candal  ymn,  constitute 
the  object  of  this  paper. 

The  great  caudal  ynn  of  the  eel  is  formed  by  the  junction  of  two  flunks, » 
larger  and  a  smaller.  It  is  mto  the  smaller  trunh*  near  its  junction  with  the 
latger,  that  the  caudal  heart  opens.  At  the  opening,  there  is  a  valre  which 
prevents  regurgitation  of  the  lymph  back  from  the  vein  into  the  heart. 

When  by  the  contraction  of  the  heart  the  lymph  is  propdled  into  the 
Teiui  the  flow  of  blood  from  that  vessel  into  the  great  caudal  trunk  is 
interrupted  by  the  force  of  the  lymph-stream.  From  the  place  where  the 
heart  opens  into  the  vein  to  the  junction  of  the  latter  with  the  caudal 
trunk,  colourless  lymph  thus  replaces  red  blood ;  whilst  in  the  cniidal 
trunk  itself,  the  lymph,  still  under  the  influence  of  the  heart's  force,  so  far 
displaces  the  blood  as  to  flow  in  a  colourless  stream  on  one  side  of  the 
vessel  for  some  distance,  distinct  from  and  unminglcd  with  the  blood- 
stream t  roin  the  lower  part  of  the  vein  and  its  lateral  branches. 

During  the  dinstole  of  the  heart,  the  stream  of  lymph  into  tlie  vein  iu- 
teniiifting,  the  fhnv  of  blood  from  that  vessel  into  tlie  great  trunk  of  the 
caudal  vein  again  taivcs  place.  No  sooner,  however,  has  u  small  quantity 
of  blood  entered  than,  systole  of  the  heart  ensuing,  the  stream  of  lymph 
thereby  jiruju  iled  into  the  vein,  drives  the  small  quantity  oi'  blood  before 
it.  iuLu  llu  ^rcut  caudal  venous  trunk,  whilst  it  at  the  siuie  time  arrests,  as 
before,  the  flow  of  blood  hitu  the  great  caudal  vein  lium  its  tributary  vessel. 

Through  the  medium  of  the  stream  of  lymph  propelled  into  the  great 
caudal  vein  at  each  stroke  of  the  caudal  heart,  an  impetas  is  communieated 
to  the  column  of  blood  in  that  vessel,  wldch  we  can  see  has  the  effect  of  acee* 
lerating  and  promotmg  its  onward  flow  to  the  blood-heart  of  the  animal. 
We  thus  see  that  the  caudal  heart  of  the  eel  is  a  lymphatic  heart*  it« 
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function  b  inc  to  receive  lynipli  on  the  one  bund,  ami  tu  jiropel  it  into  the 
great  vciii  oi  ilic  tail  on  the  other,  but  that,  besides  this  lunction,  it  at  ilic 
same  time  performs  the  secondary  one  of  accelerating  and  promotiug  the  flow 
of  the  blood  Sn  the  great  caudal  Tela  in  its  course  back  to  the  blood-heart. 

So  faf  w  the  antbw  hag  been  able  to  aMortain,  no  one  has  bitberto  given 
a  correct  explanation  of  the  phenomenon  of  small  drops  of  blood  propelled 
in  rapid  sncoession,  a«  if  from  the  caudal  heartt  along  the  eandal  vein. 
Without  first  showing  that  these  small  drops  of  red  blood  are  fi4»#  propelled 
from  the  caudal  heart,  and  without  showing  that  it  is  colourless  lymph 
alone  which  is  really  propdled  ikerefrom,  no  one  could  be  warranted  in 
dissenting  from  Dr,  Marshall  Hallj  the  discoverer  of  the  caudal  heart,  in 
his  opinion  as  to  the  nature  of  the  organ,  yis*  that  it  is  an  auxiliary  bloodp 
heart,  or  in  pronouncing  it,  how  correctly  soever,  to  be  a  lymphatic  heart. 

January  16, 1868. 

Lieut*-GcDeral  SAIilNEj  Preaident^  in  the  Chair. 

The  following  commnnication  was  read 

Notices  of  booie  Tarts  of  the  Surface  of  the  Moon,  illustrated  by 
Drawings.  By  John  Piiillifs,  M.A.,  D.C.L.,  F.R.S.,  F.G.S., 
Professor  of  Giology  in  the  University  of  Oxford.  Received 
Jauum-y  9^  18Gb. 

(Abstract.) 

My  first  serious  attcmpfs  to  portray  tlie  aspect  of  tlie  moon  were  made 
with  the  noblest  instrument  of  modern  times,  tlic  ^,'rf  at  telescope  of  Lord 
Rosse,  in  1852.  The  mirror  was  not  in  adjustmi'nt,  so  that  the  axes  of  the 
incident  and  reflected  pencils  of  liglit  were  inchncd  at  a  very  sensible 
angle.  This  bcinn^  met  by  a  larprc  rifiuction  of  the  workinir  area  of  the 
mirror,  the  pcrtorniance  was  found  to  be  excellent.  I  have  never  seen  some 
parts  of  the  moon  so  well  us  on  that  uccaaion.  But  when  1  came  to  repre- 
sent what  vras  seen,  the  difiiculty  of  transferring  from  the  blaze  of  the 
picture  to  the  dindy  lighted  paper,  on  a  high  exposed  station,  with  little 
power  of  arranging  the  drawing-apparatus,  was  found  to  be  insuperable, 
and  the  effect  was  altogether  disheartening.  It  was  like  setting  down 
thmgs  e«  memorid,  to  give  the  rude  general  meaning,  not  like  an  aecuraie 
and  critical  copy.  I  present  as  a  specimen  of  this  memorial  a  sketch  of 
the  great  crater  of  Gassendi  (No.  1). 

I  next  mounted,  in  my  garden  at  York,  a  small  but  fine  telescope  of 
Cooke  only  2*4  inches  in  the  aperture;  and,  aware  of  the  nature  of  the 
difficulty  which^beset  me  at  Birr  Castle,  I  gave  it  an  equatorial  mount- 
in«r,  without,  howerer,  a  clock  movement.  The  whole  was  adapted  to  a 
large  solid  stone  pillar  in  the  Open  air.  It  was  not  possible,  with  ^  of 
the  light  of  the  Rosse  mirror,  to  9ee  so  well ;  but  it  was  easy  to  represent 
far  better  what  one  saw,  with  a  conyeniently  placed  board  to  hold  the  draw- 
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ing- paper,  a  well-anranged  light,  and  do  necessity  of  changing  position*  I 
made  in  this  manner  the  dramng  of  Oassendi  which  is  marked  No.  2. 

My  next  attempt  was  made  in  the  same  situation  with  a  fine  tele- 
scope by  Cooke,  of  6|-inch  aperture  and  11  feet  sidereal  focns,  mounted 
equatorially,  in  the  old  Englbh  mode,  and  carried  by  clockwork.  With 
this  excellent  arrangement  I  was  enabled  to  use  photography  very  success- 
fully, and  to  obtniu  selenographs  2  indies  across  in  5' of  time.  The  draw- 
ing of  Gassendi,  No.  3,  was  made  with  this  instrument  (1853). 

From  these  experiments  the  conclusion  was  obvious: — that  for  obtaioing 
good  drawings  of  the  moon,  convenient  mounting  was  actually  more  im- 
portant than  great  optical  power ;  and  that  for  such  a  purpose  it  was  desi- 
rable to  increase  in  every  way  the  comfort  of  the  observer,  and  furnish  him 
with  special  arrnngementa  for  his  own  position  and  the  placuig  of  his  draw- 
iiiK-board  and  lisht. 

Having  been  called  to  reside  in  Oxford  (lRo3-54),  my  plan  for  con- 
tinual work  on  the  nioou  was  entirely  cut  through  ;  it  was  impossible  to 
mount  a  large  instrument  near  my  dwelling  till  (in  1860)  the  ground  was 
arranged  about  the  museum,  so  as  to  give  me  the  requisite  s[)aco  and  secu- 
rity close  to  the  house  which  had  been  apjioiuted  for  me  by  the  Univer- 
sity. I  then  arranged  with  Mr.  Cooke  for  a  new  tclescojjc  of  G  inches 
aperture,  to  be  protected  in  a  well-plaimcd  observatory,  the  construction  of 
which  was  aided  by  the  Boyal  Society.  I  now  propose  to  give  a  short 
notice  of  some  of  the  results  of  my  work  with  this  iustrumeat,  in  connexion 
with  remarks  on  the  most  advisable  course  to  be  followed  by  other  lurreyon 
of  the  moon* 

In  making  drawings  of  ring-mountains  on  different  parts  of  the  moon's 
disk,  the  artist  will  be  much  aided  by  a  projection  of  the  mountain'border 
on  the  scale  intended,  from  a  few  measures,  with  its  proper  figure  due  to 
the  latitude  and  longitude.  Eye-drafts  not  thus  controlled  are  apt  to  be* 
come  absurd,  by  the  heedless  substitution  of  an  ideal  drde  for  a  real 
ellipse.  Thus  I  have  seen  Gassendi  forgetfully  represented  by  more  than 
one  skilful  artist.  Even  with  the  advantage  of  such  a  projection  (of  which 
I  give  an  example  for  Gassendi,  No»  5)  very  considerable  difficulties  occur. 
One  is  the  variation  of  outline  caused  by  the  displacement  of  the  boundary 
of  light  and  shade — first  when  the  incidence  of  light  varies  through  different 
angles  of  elevation  of  the  sun,  and  next  when  the  moon's  position  causes 
her  to  receive  the  light  at  the  point  observed  on  a  different  lunar  aaimuth. 
Even  on  so  great  a  ring  as  Copernicus  the  variation  of  the  outline  as  given 
by  diflferent  artists  is  remarkable — hardly  any  one  agreeing  with  what  is 
really  the  most  accurate  drawing  of  all,  that  by  P.  Secehi  ;  and  that  rej)re- 
sents,  not  a  simple  ring,  but  a  seven-angled  outline.  Dates  must  always 
be  annexed  to  the  figures ;  an<l  as  it  is  rarely  possible  to  complete  a  good 
drawing  of  a  large  crater,  except  in  two  or  three  lunations  or  more,  it 
becomes  very  essential  tlut  a  bold  free  bkcteh  be  made  of  the  moon's 
shadows  to  control  the  special  work.  (No.  C  is  given  as  an  example.) 
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Strictly  speaking,  there  should  be  at  least  three  drawings  of  a  ring- 
mountain — in  morning  light,  at  mirlday,  and  in  evening.  It  would  be 
better  to  have  five  drawings,  one  at  sunrise  and  auMther  at  sunset  being 
added  to  the  three  already  named.  It  will  be  found  most  convenient 
to  roake  the  drawings  withia  two  hours  of  the  moon's  meridian  passage. 

Shadows  thrown  from  objects  on  the  moon  have  exactly  the  same 
character  as  thoae  ohservahle  on  the  earth.  They  are  all  margined  by 
the  pennmhra  dne  to  the  son's  diametral  aspect ;  this  is  always  traceable  ex- 
cept Tcry  near  to  the  object ;  but  in  consequence  of  the  smaller  dia« 
meter  and  more  rapid  curvature  of  the  moon's  surface,  the  penumhral 
space  ifl  narrower.  At  the  boundary  of  light  and  shade,  on  a  broad 
grey  level  tract,  the  penumbral  space  is  about  nine  miles  broad,  quite 
undefined,  of  coarse,  but  perfectly  sensible  in  the  general  effect,  and  worthy 
of  special  attention  while  endeavouring  to  trace  the  minute  ridges  (of 
gravel?)  or  smooth  banks  (of  sand?),  which  make  some  of  these  surfaces 
resemble  the  postglacial  plains  of  North  Germany,  or  central  Ireland,  or 
the  southern  parts  of  the  United  States*  which  within  a  thousand  centuries 
may  have  been  deserted  by  the  sea. 

To  the  same  cause  is  due  the  curious  and  transitory  extension  of  half- 
lights  over  some  portions  of  the  interior  of  craters,  while  other  neighbour- 
ing portions  have  the  full  light.  The  cfTect  is  occasionally  to  produce 
half-tints  on  particular  portions  of  terraces  within  the  crafrr,  as  in  the 
case  of  Theophilus,  of  which  1  present  two  drawings,  one  shownig  this 
peculiarity  in  the  morning  light,  the  other  not.  Tlie  central  mountains  of 
that  great  crater  are  high  euough  to  throw  long  shadows ;  and  these,  as 
they  catch  upon  other  peaks  or  spread,  softening  with  distance,  over  the 
surrounding  plains,  present  far  greater  variety  of  shadow-tones  than  might 
be  expecte  d  on  a  globe  deficient,  as  the  moon  really  appears  to  be,  of 
both  air  and  water. 

The  different  j)arts  of  the  moon*s  suiiacc  reflect  light  very  unequally  ; 
the  dark  parts  have  scvLral  degrees  of  darkness,  the  light  parts  several 
degrees  of  light.  On  the  same  level,  as  nearly  as  can  be  judged,  under 
the  same  illumination,  neighbouring  parts  are  not  only  unequally  reflective, 
but  their  light  seems  to  be  of  different  tints.  Within  the  large  area  of 
Gassendi,  under  various  angles  of  illumination,  but  more  conspicuously 
when  the  angle  of  incidence  deviates  least  from  verticslit)  ,  patches  of  the 
surface  appear  distinctly  marked  out  by  difference  of  tint,  without  shadow. 
It  is  well  known  that  in  this  particular  photography  has  disclosed  curious 
and  unexpected  differences  of  the  light,  which  were  not  apparent,  or  not  so 
obvious,  to  the  eye.  Reflecting  telescopes  seem  to  be  indicated  as  most 
suited  for  direct  observation  of  differences  of  the  kind  of  light  on  the  moon. 

The  surface  of  the  moon  is  hardly  anywhere  really  smooth,  hardly  any 
where  so  smooth  as  may  be  supposed  to  be  now  the  bed  of  a  hrond  sea  on 
our  globe.  By  watching  carefully  the  curved  penumbral  boundary  of  light 
and  shade — as  it  passes  over  ridge  and  hollow,  rift  and  plain, — broad  aweils» 
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minute  puckering^  and  amall  monticales  appear  and  disappear  in  almost 
ereiy  part.  In  several  of  the  maria,  minute  angular  cup-craters  about  half 
a  mile  across  are  frequent;  and  on  several  of  the  exterior  slopes  of  tlie 
crafcr-rings  are  seen  pits,  ridges,  fissures,  and  rude  craters,  something 
hke  the  sloping  surfaces  of  Etna.  Copernicus  is  a  good  example  of  tins 
common  occurrence.  It  appears  extremely  desirable  that  the  details  of 
this  magniOcent  mountain  should  be  carefully  reexamioed  on  the  basts 
of  Sccchi's  fine  drawing,  for  the  purpose,  amongst  others,  of  determining 
exactly  how  many  of  the  bosses  and  ridges  bear  cup-hillocks ;  for  many 
inequalities,  which  in  feeble  telescopes  have  but  the  indistinct  characttT  of 
being  heaped  np,  appear  distinctly  crateriform  with  superior  optical  power  *. 

On  the  very  crest  of  a  ring-mnvintftiu  it  is  rare  to  find  a  cup-crater ; 
quite  common  to  find  them  in  the  interior,  especially  townrds  the  middle, 
and,  in  several  cases,  exactly  central.    But  it  happens  ofieu  tiiatthc  central 
monntain-rnass  of  a  larirc  crater,  such  as  Gassendi  and  Theopliilus,  is  of  a 
din'orcnt  structure.    In  tlie  former  a  coni])licaled  digitated  mass  of  elevated 
laud  a})peared  to  me  for  a  long  lime  to  be  entirely  cle\uiii  ut"  uuy  small 
craters  ;  by  cuntiuueii  >tMiLiii\  at  last  T  see  on  one  of  the  masses  a  distinct 
depression.    The  area  in  Gassendi  reminded  me  of  the  volcanic  region  ot 
Auvergne,  in  which,  with  many  crater-formed  mountains,  occur  also  the 
Pay  de  Dome,  Puy  Sarooui,  Puy  Chopin,  and  others  which  are  heaps  of  a 
peculiar  trachyte  not  czcaYated  at  the  top,  while  the  others  are  formed  of 
ashes  and  la?a*streams  and  are  all  crateriform.    The  central  masses  of 
Thecphilus  (Nos.  7*  8,  and  9)  are  Tcry  lofty  and  grandly  fissured  from  the 
the  middle  outwards^  with  long  ezcurrent  buttresses  on  one  side,  and  many 
rival  peaks  separating  deep  hoUows,  and  catching  the  light  on  their  small 
apparently  not  excavated  tops.   This  is  like  the  uphesTcd  volcanic  region 
of  Mont  d*Or,  with  its  radiating  valleys,  wide  in  the  central  part,  and  con- 
tracted to  gorges  toward  the  outside  of  the  district. 

The  Vesuvian  volcanic  system,  including  the  Phlegra;an  fields,  exhibits, 
in  all  respects  but  magnitude,  remarkable  analogy  with  parts  of  the  moon 
studded  with  craters  of  all  magnitudes,  as  those  adjoining  Mount  Mauroly- 
cus,  engraved  for  comparison  by  Mr.  Scrope  in  his  admirable  treatise  on 
Yolcanos  (p.  232).  It  is  probable  that  many  of  the  differences  which  ap- 
pear on  comparing  lunar  ring-mountains  may  be  understood  as  the  effects 
of  long  elapsed  time,  degrading  some  craters  before  others  were  set  up,  and 
turning  regular  cones  and  cavities  into  confused  luminous  mounds.  It 
would  mucli  augment  our  confidence  in  the  ])ossible  history  of  the  moon 
which  these  dilferences  seem  to  indicate,  if  we  could  believe  it  to  have 
ever  been  under  the  influence  of  atmospheric  vicissitude  as  well  as  changes 
of  interior  jtressiiro. 

That  the  latter  cause  has  been  in  great  activity  at  some  early  period 
of  the  moon's  history  is  not  only  evident,  by  the  many  sharply  cut  fis- 

*  See  "  CoDpamtiTe  Bemarki  on  Giuneiidi  and  Cbpenucus,"  Boy.  Soc;  Proe.  for  Ifi6Q> 
p  74. 
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mm  wMck  nnge  like  grett  findto  in  oar  carlililj  ttratu  for  five«  ten* 
twenty,  and  mxtf  milei^  butii  oonspicaondj  proved  hj  the  great  broken 
ridges  of  monntams  wlueli»  under  the  namei  of  Alps,  Apennines  and 
Biphtcan  ehaina,  make  tbemaelres  known  as  axes  of  upward  movement, 
while  so  manj  of  the  cratera  near  them  apeak  of  local  depression.  I  have 
not  been  able  to  dSaeover  in  these,  great  ridgea  anj  such  marks  of  suooea- 
sive  stratification,  or  even  such  concatenation  of  the  crests,  aa  might  sag- 
gest  symmetrical  and  anticlinal  axes.  The  surface  is,  indeed,  as  rough  and 
irregularly  broken  ns  that  of  the  Alps  and  Pyrenees,  and  marked  by  as  ex- 
traordinary trftJisvcrse  rents,  of  which  one,  in  the  Alpine  range  near 
Plato,  19  a  wcll-kuown  example.  Must  wc  suppose  these  niountiiina  to 
have  undergone  the  same  vicissitudes  as  the  niouataiu-chains  of  our  globe 
— great  vertical  displacement,  many  violent  fractures,  thousands  of  nges  of 
rain  and  rivers,  snow  and  glacial  grinding?  If  so,  where  are  the  chamiels 
of  rivers,  the  long  sweeps  of  the  valleys,  the  deltas,  the  sandbanks,  the 
strata  caused  by  such  enorniou.s  waste?  If  the  broad  grey  tracts  were 
once  seas,  as  analogy  may  lead  us  to  expect,  and  we  look  upon  the  dried 
beds,  ought  we  not  to  expect  some  further  mai  k  of  t  ha  former  residence  of 
water  there  than  the  long  narrow  undulations  to  which  attention  has  already 
been  called  ai  resembling  the  escars  of  Ireland  ? 

In  snj  farther  attempts  of  my  own  to  contribute  facta  toward  the  smnrey 
of  the  moon,  now  again  taken  in  hand  by  the  British  Association,  I  shnll 
probably  select  for  careful  work  some  particular  features,  such  as  the 
monntaios  in  the  midst  of  a  large  crater,  the  bosses  and  cup-like  hills  on 
the  outward  slopes  of  such  a  crater,  the  rente  in  mountam-ridges,  and 
the  low  winding  banks  which  appear  on  the  broad  grey  tracts*  But, 
for  those  who  desire  to  perform  a  work  of  high  value,  I  would  earnestly 
recommend  a  strict  reexamination  of  every  element  in  the  great  picture 
of  Copemicns,  for  which  we  are  indebted  to  the  Roman  Astronomer. 

The  paper  was  accompanied  by  twelve  drawings,  which  were  exhibited 
to  the  Society,  and  of  which  the  following  is  a  list : — 

No.  1.  Sketdi  of  Gassendi  taken  m  1852,  at  Birr  Castl^  with  the  great 

telescope  of  Lord  Kosse. 

.  No.  2.  Sketch  taken  in  1832,  at  York,  with  an  achromatic  by  Cooke,  of 

2*4  inches  aperture. 
No.  3.  Sketch  taken  in  I  Sj3,  at  York,  with  an  achromatic  by  Cooke,  of 

6\  inches  aperture.  (Morning.) 

No.  4.  Sketch  taken  in  18G2,  at  Oxford,  with  an  achromatic  by  Cooke» 

of  i)  inches  aperture.  fEvcning.) 

No.  5.  Working  plan  of  Gassendi  and  scnle. 

No.  6.  Free-hand  sketches  to  illustrate  the  mode  of  working  for  general 

efifect.    Oxford,  1864. 

No.  7.  Theophilus,  Cyrilhif,  and  Catharina,  taken  at  Oxford  in  1862. 
This  is  about  the  third  attempt. 


Digitized  by  Google 


230  Dr.  J.  B.  Davis  on  the  Weiyhl  oj  the  Brain       f  Jau.  23, 

No.  8.  Theophiios^  reezammed  in  1863.  This  is  the  most  complete 
drawing  which  I  eon  mike  with  mj  6-iRch,  I  intended  to  repeat  the 

whole  group. 

No.  9.  The  central  moimtain-grimp  of  Tlicophilus  on  a  large  scale.  1863. 

No.  10.  Posidonios^  early  morning.  1863.  (Unfinished.) 

No.  11.  Posidonius,  nearer  to  midday.  1863.  (Unfinished.) 

No.  12.  Aristarchus  and  Herodotus.    This  is  about  the  sixth  drawing, 

and  exhibits  in  Ari«tnrclin3  a  double  crater-wall,  the  inner  one  being  sharp 
and  interrupted ;  a  deep  narrow  fissure  separates  the  two  walls.  The 
interior  surface  is  more  mouUkcl  than  in  any  drawings  yet  inihHshcd,  He- 
rodotus, tl)c  dnrk  crater,  is  merely  skctclied  to  give  the  course  of  the 
seeming  valley  which  conducts  from  it  to  the  seeming  delta. 

January  23,  186b. 
Dr.  WILLIAM  B.  CARPENTEE,  Yice-Presideot,  in  the  Chair. 
The  following  communications  were  read : — 

I.  Contribtttiont  towards  determining  the  Weight  of  the  Brain  in 
the  difierent  Raeea  of  Man.'^  By  Jossfh  Baknaed  Davibj 
M.D.  ftc.  Communicated  by  Prof.  John  Mamball.  Beceived 
November  30,  1867. 

(Abstract.) 

It  would  naturally  be  expected  that  great  attention  had  been  directed 
to  the  human  brain,  the  organ  of  mental  manifestation.  Still  little 
has  been  done  to  ascertain  its  relative  magnitude  in  the  different  races  of 
mankind.  Opportunities  for  examining  exotic  brains  are  rare,  and  it  it  only 
by  ganging  the  internal  capacities  of  human  skulls,  and  deducing  the 
weight  of  the  brain,  that  data  can  be  obtained. 

The  inferiority  of  thu  method  is  not  so  clear  as  has  been  assumed,  since 
we  are  able  to  fix  upon  an  unchangeable  substance  of  definite  specific 
gravity  for  the  purpose  of  this  gauging,  whereby  we  compensate  for  the 
variable  condition  of  the  brain,  depending  upon  disease  and  other  causes, 
and  the  immediate  occasion  of  death. 

The  great  difficulty  hitherto  has  been  to  decide  upon  a  definite  allownnr  e, 
or  scale  of  allowance  for  other  matters  besides  brain  which  always  fill  up 
the  cavity  of  the  skull,  in  different  proportions  at  different  ages,  &c.  In 
the  pre5;ent  investigations  it  has  been  considered  most  advisable  to  fix  upon 
a  definite,  and  at  the  same  time  proportionate,  rule  for  compensating  for 
these  fluids  and  membranes.  And,  after  much  inquiry,  that  rule  has  been 
laid  down  ns  a  'general  tare  of  15  per  cent,  on  the  rnpnoitv  nf  the  skull. 

In  former  iuquiries  of  this  kind  by  l-ri>f.  TietJi  niann  and  Trof.  Morton, 
this  allowance  has  been  entirely  or  nhnost  entirely  o\ orluokcd,  by  which 
means  their  extended  observations  reallv  refer  to  the  niternal  capacities  of 
human  skulls,  and  not  to  the  weights  of  the  brain,  as  they  supposed.  No 
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doubt  iiitcniai  capacities  thciiiselvcs  become  a  legitimate  means  of  corn- 
par  isoa. 

Synostotie  and  artificiallj  deformed  skulls  are  mostly  included,  for  the 
ttaaoa.  specified,  that  their  ioteroal  capacities  are  usually  not  materially 
interfefed  with. 

Morton  alao  fkiled  to  diatingoish  the  sexes,  and  his  Tables  give  no 
indication  how  many  of  the  skulls  were  those  of  men  and  how  many  those 
of  women.  'When  we  recollect  the  great  normal  diversity  in  the  aise  of  the 
brain  in  the  two  aezea  in  any  giTen  race,  this  omission  becomes  of  serious 
importance.  In  the  series  of  akulla  now  examined,  this  diyeisity  in  the 
weight  of  the  brain  in  the  two  sexes  extends  from  less  than  10  per  cent,  to 
something  more  than  12|  per  cent. ;  so  that  Prof.  Welckei^s  datum  of  10 
per  cent,  is  tolerably  correct.  In  our  mcnsurements  the  sexes  are  marked, 
and  adult  examples  only  includct].  All  the  crania  have  been  carefully 
and  as  uniformly  as  possible  filled  with  dry  Calais  sand  of  a  definite  specific 
weight,  which  has  been  afterwards  weighed  and  then  reduced  to  its  equiva- 
lent in  cerebral  matter  of  1040  specific  gravity,  after  the  deduction  of 
the  15  per  cent.  Tlie  obscrrations  on  the  weight  of  the  brain  in  all  the 
races  liavc  !)rrti  nrrnnged  in  seven  Tables;,  corres[K)n(]ing  vcrv  nearly  to  the 
rnrcH  of  tin;  u'icat  divi'j'nns  of  the  globe.  The  results  sliow  that  Prof. 
Ticdemaini  was  misled  wlien  he  lin<;ti]y  n«cinii(  1  tbat,  inasmuch  a«!  n 
certain  size  and  mass  of  brain  was  au  csic  tiLial  cuiulitiou  for  the  e.Kcrcise  of 
the  faculties  of  the  niindi  all  human  races  are  furnished  therewitli  in  an 
equal  degree. 

One  important  object  has  always  been  kept  in  view — namely,  a  careful 
comparison  of  the  calculated  observations  of  the  Tables  with  the  actual  Je- 
tenniuatious  of  those  who  have  weighed  the  brains  of  different  races,  as  far 
as  such  determinations  have  extended.  This  has  been  done  with  the  view 
of  comparing  and  correcting  our  results. 

It  would  be  difficult  to  give  any  intelligible  abstract  of  the  Tables  which 
accompany  the  memoir.  Of  the  notes  to  these  Tables  some  short  account 
may  be  giTcn  here. 

Dr.  Peacock  and  other  excellent  and  careful  obserrers  pretty  nearly  coin- 
eide  in  the  conclusion  that  the  brain  of  EngNskmen,  cmtheaTerage,  is  about 
49  oa.  aT.  in  weight,  or  1 389  grammes.  Br.  Robert  Boyd,  in  his  memoir  in 
the  Philosophical  Transactions,  states  as  the  result  of  his  vast  experience,  that 
the  adult  male  brain  among  the  ineane  Taried  from  48*17  oz.  to  43*87  os. ; 
among  the  ituene  women  from  44  .55  ot.  to  40*5.5  oz. ;  whilst  in  the  eane 
adulta  the  averages  varu-d  in  the  men  from  48*20  oz.  to  45*34  os.,  and 
among  the  women  from  43*70  oz.  to  39*77  oz.  It  thus  appears  that  Dr. 
Boyd*8  investigations  bring  out  an  average  brain-weight  among  the 
English  of,  speaking  roundly,  about  5  oz.  less  than  Dr.  Peacock's  means, 
and  rather  more  than  M  cz.  less  than  our  means.  Dr.  Thurnam,  who  ex- 
amined and  weighed  thf  brains  of  25/  irtsane  men  niul  21.3  insane  women, 
agrees  in  bis  results  with  Dr.  Boyd,  being  still  rather  below  the  averages 
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obtiiiwd  by  the  latter*  The  geuefal  result  of  our  Table  is  an  arerage 
bram-weight  for  the  English  of  47'50  os.,  or  1346  grms.,  which  agrees 
toleiably  well  with  the  coudonons  deduced  by  all  these  obserrerSv  being  a 
mean  tem. 

The  mean  derived  from  the  1 6  French  skulls  is  45*47  oa.,  or  1 280  grms. — 
that  is,  66  grms.  less  than  the  EngHsh.  The  general  result  of  an  extended 
seriee  of  measurements  by  Prof.  Broca  of  357  French  crania,  those  of  mei!l 
and  women  undistinguished,  when  subjected  to  onr  rule,  gives  a  mean  of 
44*58  OS.,  or  I2G3  grms. — that  is,  17  grms.  below  our  deduced  arerage. 

The  skulls  of  Italians,  of  Lapps,  and  of  Swedes  agree  in  giving  a  brain* 
weight  closely  coinciding  with  that  of  the  English.  Those  of  the  FritUau 
and  Dutch  come  into  the  same  category. 

In  the  15  German  skulls  (it  should  be  observed  that  13  are  those  of  men) 
the  average  brain  weight  exceeds  that  of  the  Englisli.  it  is  50*28  or  ,  or 
142.*>  grms.,  an  excessive  weiglvt.  This  jirobably  follows  from  the  unusual 
size  of  these  German  skull:?,  as  well  as  in  some  degree  from  the  great  ]ire- 
dominance  of  men's  skulls;  for  Prof.  Iluschke,  who  weiglicd  upwards  of 
CO  brains  of  Germans,  two-thirds  being  tliuse  of  men,  found  the  mean 
weight  to  bo  no  more  than  lodlgrms.  IVol.  UuUolpii  Wagner  also  tested 
by  the  balance  31  brains  of  Germans,  the  larger  halt'  being  those  oi  men, 
and  obtained  a  mean  of  only  1300  grms.,  itself  a  sufficiently  large  weight. 
In  the  inTcstigations  of  Prof,  Welcker,  who  employed  30  adult  normal 
skulls  of  men  and  30  of  women,  the  mean  brain-weight  of  the  series  rises 
only  to  42*83  oa.,  or  1214  grms.  This  seems  to  be  conclusive  that  our 
specimens  are  large  skulls,  and  that  the  sice  of  the  German  brain  has  been 
somewhat  overrated.  The  result  of  further  inTestigatton  will  probably  be 
to  correct  these  discrepancies. 

In  entering  upon  the  decidedly  brachyoephalic  races  of  Europe,  it  must 
be  noted  that  we  have  for  our  examination  the  skulls  of  men  only,  and  thooe 
in  small  numbers,  which  will  prevent  any  accurate  comparison  with  the 
rest  of  the  series.  The  mean  brain-weight  of  two  male  P<de9  is  47*14  oi., 
or  1336  grms.  That  deduced  from  Dr.  A.  W(  isbach's  gauging  of  25  skulls 
of  young  Polish  men,  when  subjected  to  our  rule,  is  47*21  os.,  or  1338  grms., 
a  result  almost  identical  with  that  from  our  observations. 

The  Gipsies  of  Waliaehia  present  a  marked  diminution  of  brain-weight 
when  compared  with  the  Bumangos  and  other  races  of  thatr^ion.  The 
mean  of  (>  male  Kumango  e^kulb  is  45*97  OS.,  or  1303 grms.;  that  of  tWO 
male  Gii)sies  is  l.'i  O.'ioz.,  or  1245  grms. 

Although  it  has  reference  merely  to  the  collection  of  skulls  upon  which 
these  observations  have  been  made,  the  order  in  which  the  diffcTnt  Euro- 
pean races  range  tlienisi :  \ .  beginning  with  the  heaviest  brain-weights  and 
proceeding  to  the  lighiest,  is  given  in  the  memoir.  The  general  mean  of 
the  European  series  is  4  (3  87  oz.,  or  1328  ginis. 

In  entering  upon  the  Asiatic  Racki?,  we  are  at  once  struck  with  the 
small  brain-weights  of  liie  people  at  the  commencement  of  the  Table,  the 
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Fedahs  ot  Ceylon  diid  Lhe  Jliiidoos.  The  mean  obtained  from  35  crauiu 
of  males  of  Hindoo  Tribes  is  44  22  oz.,  or  1253grms.  j  tbat  from  tliose  of 
31  females  39*99  oz.,  or  1 1 33  grms.,— HvUdi  jielda  a  mean  of  the  two  sexes 
of  42*11  OS.,  or  1193  grms.  A  reference  to  Dr.  Morton's  obaemtions 
sbowfl  that  bis  series,  when  properly  calculated  by  our  rule»  give  a  still 
lower  mean,  vix,  41*74  oi.,  or  1183  grms. 

The  skulls  of  Mueeulmen  afford  a  slightly  increased  average  of  brain- 
wdght  over  those  of  Hindoos.  This  perhaps  might  hsTe  been  anticipated. 

The  two  skulls  of  male  Khonde,  one  of  the  unquestioned  aboriginal 
races  of  India,  show  a  brain-weight  of  37*87  os.,  or  1073  grms. 

As  we  ascend  the  Himalayan  Slope  we  reach  races  who  have  a  somewhat 
increased  Tolome  of  brain.  The  Lepekae,  Jiodoa,  and  Bkoiiae  range  about 
46  oz. 

And  when  we  reach  what  have  been  called  the  Indo-Chinese  races,  the 
brain-weight  becomes  again  more  considerable.  The  mean  of  the  Siamete 
is  47*14  oz.,  or  1336  grms.,  that  of  the  Chinese  47*00  oz.»  or  1332  grms., 

and  that  of  the  Burmese  47*5^7  oz.,  or  1357  grms. 

Of  the  races  of  Japan  only  two  craniii  of  true  Japanese  have  been  ob- 
tniiipfl ;  but  of  the  aboriginal  Ainos,  of  the  Island  of  Ycsso,  the  brain- 
weight,  as  deduced  from  four  skulls,  is  45*83  oz.,  or  1299  irnns. 

The  general  average  of  the  Asiatic  Table  ^llo\Y3  a  diminution,  when  com- 
pared with  that  of  the  European.  The  numbers  are,  for  the  latter,  46*87 
oz,,  or  1328  grms.,  andfor  tiie  former,  44*62  oz.,  or  1266  grms.,  which  is  a 
diinniution  of  more  than  two  uunces,  or  G2  grms. 

At  the  comuieucement  of  the  African  Racks  we  encounter  the  Berbers 
and  the  Guanches,  the  former  inhabitants  of  TeneriiVe.  These  arc  people 
with  rather  small  brains.  The  general  mean  amounts  to  43*49  oz.,  or 
1233  grms. 

Of  the  Continental  people*  the  Negroee  o/THhee  unknown  gtre  a  sUghtly 
increased  biain^weight  of  44  08  as.,  or  1249  grms.  The  Dahomane  rise  to 
a  mean  of  46*34  oz.,  or  1313  grms.,  and  the  JBaAdee,  awailike  tribe  on 
the  Equator,  to  an  equally  high  brain-weight.  A  brain  of  an  adult  Negro, 
weighed  by  Dr.  Peacock,  was  found  to  weigh  45*50  os.,  or  1289  grms. 
Another,  cscamined  by  Dr.  Edmond  Simon,  was  found  to  weigh,  wiiA  the 
membranes,  1226  grms. 

In  passing  to  the  more  Southern  portions  of  the  African  continent  we 
find  the  races  much  contrasted  in  respect  of  their  brain-weights.  The 
Kafir  skulls,  seven-eighths  of  which  arc  those  of  men,  present  a  mean  of 
48'I6oz.,  or  1365  grms,,  whilst  that  of  the  small  Busbmans  reaches  only 
to  .'^D  /Ooz.,  or  11 25  grms. 

In  Prof.  Marshall's  valuable  and  elaborate  account  of  the  Brain  of  a 
Bnshwoman  in  the  Philosopliical  Transactions,  tlicrc  is  n  careful  cnlcn- 
lation  of  the  oriiiinal  weight  of  the  brain,  which,  by  means  of  experiment 
upon  human  brains  subjected  to  the  action  of  .spirits  of  wine,  he  wnh  able 
to  restore  to  its  original  weight  i  and  be  decided  ihia  to  have  been  30*75  os., 
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or  875  grms.  Prof.  Marshall  afterwards  gauged  the  cnpncity  of  the  skull 
by  filling  it  with  water,  which  he  has  given.  He  found  it  to  be  60*64 
cubic  inches.  With  this  capacity  given,  it  is  easy  to  dcternnne  tliat  the 
wciL'ht  of  tlie  brain  would  have  been  31*01  oz.  according;  to  our  rule.  Prof. 
Marfthall's  calculation  very  closely  approxiniatcs  to  this,  viz.  '^O*/")  oz.,  or 
only  a  quarter  of  an  ounce  different.  Tliis  case,  in  which  the  brain-weight 
was  restored  and  the  skull  was  also  gauged,  seems  to  be  a  good  instance 
for  ttttiug  the  accuracy  of  onr  method ;  and  the  resuU  appears  to  prove 
that  it  may  be  relied  upon  with  much  coafidence. 

Hie  general  mean  of  onr  African  Racea  is  lew  than  that  of  European 
Bacea, — a  reanlt  which  is  not  in  agreement  with  Tiedemann'a  concluaiona. 
It  is  rather  more  than  two  and  a  half  ounces  less  than  our  European  main. 

In  passing  to  the  Ambricam  Races  we  have  placed  first  the  EtqiUmatuc 
of  the  whole  Arctic  Circle.  They  present  the  largo  general  mean  brain- 
weight  of  46*56  0E.»  or  1319  grms* 

A  series  of  mostly  individnsl  skulls  belonging  to  different  AmtrUan  Trihee 
aflFords  a  general  mean  of  46*23  oz.,  or  1310  grms.  With  these  may  be 
compared  the  164  skulbof  the  "  Barbarous  Tribes"  of  Morton's  American 
Family.  When  the  mean  cubic  contents  of  these  are  reduced  to  our  terms» 
with  the  observance  of  our  ruki  they  produce  a  brain-weight  of  42*84  os.»  or 
1214  grms.,  which  is  less  than  our  mean  by  something  more  than  three  oss. 

When  we  arrive  at  the  Caribs,  former  inhabitants  of  the  Aiuilles,  there 
is  a  considerable  falling  off ;  they  descend  to  V2-'.V1  07,,  or  !  !!);>  prrns'. 

Among  South  AmenVnn  Tribes,  the  Amtzcas,  or  ancient  inhabiLnnts  of 
the  plain  of  Bni^otii,  att'ord  a  mean  brain-weight  of  44*20  oz.,  or  12.")3  grms. 
This  is  about  the  avera£i:e  until  we  reach  the  warlike  AraKcani'tns.  Of 
these,  six  slrnlls,  five  oi  wiiich  are  those  of  men,  and  one  of  them  also  a  mega- 
loccphalic  skull,  ascend  to  a  mean  brain-weight  of  48*02  oz.,  or  13G1  grms. 

The  average  of  the  whole  of  the  American  races  reaches  44*73  oz.,  or 
1268  grms.,  which  is  2*14  oz.,  or  60  grms.  less  than  that  of  the  Kuropean 
races.  It  abo  comes  so  near  to  the  general  mean  of  the  Asiatic  and 
African  races  as  to  produce  the  iropresnon  that  the  whole  mii8tbeieg»rded 
as  pretty  nearly  equal. 

The  AusTBALiAN  Racks  belong  to  two  fkmilies— the  Awtraliam 
proper,  and  the  TaBmamant%  and  they  are  remarkable  among  human  races 
as  possessing  the  smallest  brains.  The  mean  brain-weight  among  the 
former  is4t*38of.,  or  1 173  grms.,  and  among  the  more  robust  Tasmaniaos 
42*25  OS.,  or  1197  grms.  The  mean  of  the  two  families  when  combined 
reaches  to  4 1*81  os.,  or  1 185  grms.  This  is  a  brain-weight  one>ninth  less 
than  that  of  the  general  average  of  Europeans. 

The  last  great  section  into  which  we  have  divided  human  races  is  that  of 
Oceanic  Racks.  It  includes  the  aboriginal  inhabitants  of  all  the  Islands, 
both  of  the  North  and  the  South  Pacific  Oceans.  When  we  arrive  at  this 
section  we  seem  as  if  we  were  returning  in  some  measure  to  the  large 
braio-weiglits  of  Europeans. 
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The  eight  skaUs  of  (six  of  men  and  two  of  women)  afford  the 

hiehett  mem  of  any  of  the  Oceanic  Races,  viz.  47  07  oz.,  or  1334  grma. 
Tot  Bttcb  a  bold  and  enterprinng  race,  who  ha?e  pushed  their  migratioiia, 
chiefly  for  commercial  purposca,  over  almost  the  whole  Ocean,  such  a  rich 
cerebral  endowment  might  have  been  iu  some  measure  erpected. 

The  collection  which  has  afforded  the  materials  for  this  Memoir  Is  rldi 
in  crania  from  the  Dutch  dominions  in  the  East-Indian  Archipelago. 
These  are  distinguislicd  for  a  tolerably  high  average  of  brain-weight.  And 
this  is  not  much  dim'mished  when  we  reach  the  aboriginal  inhabitants  of 
the  Polynesian  Islands  and  Western  Pacific. 

In  ooncln8ion,.it  is  believed  that  this  investigation  lias  contributed  much 
more  than  any  former  one  to  define  and  to  discriminate  the  brain-weights 
of  different  human  races.  Hence  it  is  hoped  that  it  wdl  be  accepted  as  a 
vaUd  contribution  to  a  most  important  subject. 

IL  "Description  of  a  Hand  Spectrum-Telescope.''    By  William 
HuoaiNS,  F.E.S.    lleceived  December  19,  18G7. 

The  instrument  described  in  this  paper  was  contrived  in  the  summer  of 
1866,  for  the  purpose  of  observing  the  spectra  of  meteors  and  their  trains. 
The  special  sniubility  of  this  apparatus,  as  a  hand-apectroscope,  for  the 
^.TBmi"^*'^"  of  the  spectra  of  the  lights  which  may  be  seen  about  the  sun 
during  the  total  solar  eclipse  of  next  year,  induces  me  to  offer  a  descnp- 
tionof  it  to  the  Royal  Society.  . 

The  apparatus  consbts  essentUUy  of  a  diiect-rision  prism  placed  in 
iront  of  a  small  achromatic  telescope. 


3 


The  aebromatie  object-glass  marked  a  is  12  inch  in  diameter,  and 
baa  a  focal  length  of  about  10  inches.  The  eyepiece  consists  of 
two  plano-convex  lenses.  As  a  large  field  of  view  is  of  great  importance 
especially  for  its  use  as  a  mcteor-spectroscoi)e.  the  field-lens  is  made  of 
nearly  the  same  diameter  as  the  ohject-glass.  The  imperfect  definition  at 
the  margin  of  the  field  is  not  of  much  ])ractical  importance,  as  the  spectra 
can  be  brought  for  examination  into  the  centre  of  the  field.  Tiie  field- 
leni  is  fixed  in  a  sliding  tube,  which  jiemiits  the  distance  hetwccn  the  two 
lenses  of  the  eyepiece  to  be  altered  ;  in  this  way  the  uiagait  viug-powcr  of 
the  instrument  may  be  varied  within  certain  limits  at  pleasure.  Be- 
fore the  ohject-glass  is  fixed  a  direct-vision  prism  (c),  consisting  of  one 
prism  of  dense  fiiut  glass,  and  two  prisms  of  crown  glass. 

The  field  of  view  of  my  apparatus  embraces  an  area  of  sky  of  about  7 
in  diameter.   The  spectrum  of  a  bright  star  bas  an  apparent  length  of 
nearly  3^   The  spearum  of  the  Great  Nebuhi  In  Orion  appears  as  two 
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hn^hi  lines*  one  of  tlieiii  broad,  crossed  by  a  faint  contiatuiiis  spectrum. 
The  magnifying-power  of  the  telescope  is  insnffiment  to  show  the  three  di- 
stinct lines  of  which  the  spectram  of  the  nebula  consists.  The  conti- 
nuous spectrum  is  due  to  the  stars  of  the  trapeaum*  and  the  other 
fainter  stars  scattered  OTer  the  nebula. 

For  the  purpose  of  testing  the  efBcieney  of  this  instrument  as  a  meteor- 
spectroscope,  I  observed  the  spectra  of  fireworks  seen  from  a  dbtance  of  about 
three  miles.  The  bright  lines  of  the  metals  contained  in  the  fireworks 
were  seen  with  great  distinctness.  I  was  able  to  recognise  sodiumt  mag- 
nesium, strontium,  copper,  and  some  other  metals. 

Unfortunately  1  was  prevciili'd  from  making  tlie  use  of  the  instrument 
which  I  had  intended  at  the  display  of  meteors  in  Noveml)er  1866. 
I  have,  however,  great  confidence  in  the  suitaiiility  of  the  apparatus  for 
the  prismatic  nh«prvntion  of  meteors  and  their  trains. 

As  the  insU  umeut  is  not  provided  with  a  slit,  it  is  npphcahle  only  to 
bright  objects  of  small  size,  or  to  objects  so  distant  as  lo  subtend  but  a 
very  small  angle.  It  is  obvious  that  if  the  object  has  a  diameter  smaller 
in  one  direction  than  in  any  other,  as  would  usually  be  tlie  case  with  the 
trains  of  meteors,  the  instrument  should  be  rotated  to  take  advantage  of 
the  form  of  the  object.  The  most  favourable  position  will  be  when  the 
smallest  diameter  of  the  object  is  perpen^cular  to  the  height  of  the 
prisms.  In  this  way  I  have  seen  the  lines  of  Fraunhofer  in  the  sprctrom 
of  the  moon  when  a  vefy  narrow  crescent. 

In  the  case  of  objects  which  appear  as  points,  a  small  brsadth  may  be 
given  to  the  spectrum  by  a  cylindrical  lens  fitted  in  a  little  cap  which  slips 
over  the  eye-lens,  and  is  placed  next  lo  the  eye. 

As  some  of  the  adTantages  which  this  instrument  possesses  over  an  or- 
dinary spectroscope,  or  over  a  prism  held  before  the  eye,  may  be  stated 
the  oomparatiTely  Urge  amount  of  light  which  the  object-glass  coUecfs, 
the  great  facility  for  instantly  pointing  the  instrument  to  the  object  de- 
sired, which  the  large  field  of  view  afibid^  and  in  some  cases  the  mi^- 
fying-power  of  the  instrument. 

It  may  perhaps  he  mentioned  that  secret  signals  might  be  conveyed 
at  night  by  means  of  the  temporary  introduction  of  certain  suitable  sub* 
stances,  as  preparatbns  of  lithium,  copper,  stronUum,  &c.,  into  the  flame 
of  a  lamp  giving  a  continuous  spectrum ;  the  presence  of  the  bright  lines 
due  to  these  substances  would  not  be  perceived  except  by  an  observer 
provided  with  a  spectrum-telescope,  to  whom  they  might  convey  infor- 
mation in  nccordauce  with  a  previous  arrangcnmit. 

This  little  instrument,  licld  in  the  liand  and  directed  to  the  place  of  the 
sun  during  its  eclipse  iu  1868,  might  enable  an  observer,  wlio  was  not 
provided  with  larger  ajtjiaratiis,  to  give  an  answer  to  the  important  ques- 
tion whether  the  bright  ])rominenees  arc  self-luminous  or  reflect  solar 
light.  At  least  it  would  be  possible  for  him  to  determine  the  general 
character  of  the  spectrum  of  a  bright  prominence  so  far  as  to  learn  whether 
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it  ia  oontitmotia  or  constata  of  bright  linea.  On  aooount  of  the  low  mag- 

nifjing-power  of  the  instrament,  the  red  prominence  would  appear  auffi« 
ciently  small  to  permit  of  bright  lines  being  diitinguiahed  on  ita  8pectnmi« 

if  such  should  exist. 

The  initrunicnt  sho^ild  be  prerioual/  focuied  by  the  observer  on  the 
moon,  or  some  distant  object. 

Should  a  portion  of  the  sun's  limb  be  visible,  the  instrument  must  be 

rotated  until  the  spectrum  of  the  little  projecting  prominence  appears  in  a 
direction  parallel  to  that  of  the  spectnnn  of  the  sun's  limb,  and  is  not 
overlapped  by  it.  Perhaps  a  diaphragm  across  the  tield  of  view  and  cut- 
ting off  about  one-third  of  it  would  be  au  advantage,  a3  the  spectrum  of 
the  6un*s  limb  might  be  concealed  behind  it.  The  eye,  relieved  in  this 
way  from  the  bright  solar  Bpectrum,  would  be  ia  a  more  favourable  state 
to  examine  the  fainter  spectrum  of  the  red  prominence. 

Four  of  these  instruments,  made  by  Mi .  liiowuing,  iiave  been  sent  out 
by  the  Royal  Society  to  India,  to  be  placed  in  the  hands  of  observera 
atationed  at  different  places  along  the  central  line  of  the  eclipse.  This  in- 
atmment  would  be  specially  suitable  for  use  at  sea, 

Postseripi, — Mr.  Browning  has  recently  suggested  a  method  of  diminish- 
ing the  apparent  velocity  of  meteors  by  the  use  of  a  concave  cylindrical 
lens  placed  with  its  asia  perpendicular  to  the  direction  of  their  motion. 
This  mode  of  observing  may  be  applied  to  the  spectrum-telescope  by  sub- 
stituting, when  required,  a  plano-convex  cylindrical  lens  for  the  cye-lens  of 
the  eyepiece.  If  tliis  lens  he  plnrcd  with  its  axis  parallel  to  the  height  of 
the  compound  jnism  before  tiie  object-glass,  and  if  the  telescope  be  held 
in  a  |)n.sition  such  that  the  direction  in  which  the  light  of  the  meteor  is 
dis})erseil  is  perpendicular  to  that  of  its  motion,  the  spectrum  of  the 
meteor  will  be  magnified,  as  when  the  ordinary  eye-lens  is  employed^  but 
the  apparent  velocity  of  the  meteor  will  be  less  by  au  amount  c^ual  to  the 
magnifying 'power  of  the  eye-lens. 

Jmuuary  30, 1868. 

Licut.-General  SAiillSE,  rrcsidciit,  lu  llic  Chair. 

The  following  communicationa  were  read : — 

I.  "  Remarks  upon  Archteopieryx  lithugraphica*'     By  Prof,  T.  H, 
Huxley^  LL.D.,  F.R.S.    Received  January  1,  1868. 

The  uniqtie  specimen  of  AreKteopteryM  lithofraphka  (Ton  Meyer)  which 
at  present  adorns  the  collection  of  fossils  in  the  British  Museum,  is  nn* 
donbtedly  one  of  the  most  interesting  relics  of  the  extinct  fauna  of  long- 
past  ages;  and  the  correct  interpretation  of  the  fossil  is  of  proportional 
importance.   Hence  I  do  not  hesitate  to  trouble  the  Royal  Society  with 
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the  following  remarks,  which  are,  in  part,  intended  to  rectify  certain  errors 
which  appear  to  me  to  he  contained  in  the  description  of  the  fossil  in  the 
Philosophical  Transactions  for  1863*. 

It  is  ohvioosly  impossihle  to  compare  the  hones  of  one  animal  satisfacto- 
rily  with  those  of  anotheri  unless  it  is  clearly  settled  that  soeh  is  the  dorsal 
andsQchthe  ventral  aspect  of  a  vertebra,  n  nd  that  sueli  a  bone  of  the  limln 
arches,  or  limbs,  belongs  to  the  left,  i  :  1  such  another  to  the  right  side. 

Identical  animals  may  seem  to  be  quite  different,  if  the  bones  of  the 
same  limbs  are  compared  uuder  the  impression  that  they  belong  to  oppo' 
site  sides ;  and  Tery  difierent  bones  may  appear  to  he  similar,  if  those  of  op- 
posite sides  are  placed  in  juxtaposition. 

The  following  citations,  and  the  remarks  with  which  I  accompany  them, 
however,  will  show  that  these  indispensable  conditions  of  oompanson  ha?e 
not  been  complied  with  in  the  memoir  to  which  1  refer. 

1.  "The  moiety  (Plate  I.)  containing  the  frrea'ci  number  of  the  petrified 
bones  exhibits  such  proportion  of  the  skeleton  from  the  inferior  or  ventral 
aspect  **  (/.  c.  p.  3-1). 

I  propose  to  sliow,  ou  the  contrary,  that  the  fossilized  animal  presents, 
in  general,  its  dorsal  aspect  to  the  eye,  though  one  of  the  most  conspicuous 
bones  in.ty  hare  been  so  twisted  r  Muid  as  lu  exhibit  its  ventral  face. 

2.  The  demonstration  that,  (.lie  bones  oi'  tlie  Archteopteryx  are  thus 
wrongly  interpreted,  may  be  best  commenced  by  showing  that  what  is 
called  •*  right  femnr  (65),  tibia  (66),  and  bones  of  the  foot  (68,  i,  w,  m,  ip)/* 
I.  e.  p.  35,  are  respectively  the  left  femur,  left  tibia,  and  bones  of  the 
left  foot. 

That  such  is  the  case  is  very  easily  proved  by  the  circumstance  that  (as 
Is  very  properly  pointed  out  in  the  memoir)  the  second  toe  of  the  foot  in 
questi<m  is  that  which  lies  uppermost,  wliile  the  plantar  sur&ce  of  the 
foot  u  turned  outwards,  and  its  dorsal  aspect  towards  the  vertehral  column* 

If  the  limh  in  question  were,  as  the  describer  of  the  fossil  supposeSf  the 
right  leg,  it  would  obviously  be  imposuble  to  place  the  foot  in  its  present 
position,  unless  the  numbers  of  the  phalanges  in  its  toes  were  the  reverse  of 
what  is  observed  in  Birds  j  that  is  to  say,  the  uppermost  toe,  that  which 
has  three  phalanges,  must  also  be  the  outermost.  Nevertheless  the  de- 
scriber of  the  fossil  justly  lays  great  stress  upon  the  fact  that  the  toes  have 
the  same  number  of  phalanges  as  in  birds.  As  a  matter  of  fact,  this  is 
quite  true ;  but  it  would  not  be  true  if  we  were  to  assume  with  him  that 
the  limb  in  question  is  the  right  leg. 

3.  Certain  parts  of  the  fossil  which  lie  upon  the  opposite  side  of  the 
spine  to  the  so-called  "right  leg"  are  named,  at  p.  34  of  the  memoir 
cited,  "  Portion  of  the  left  os  innominatum,  showing  part  of  the  ilium  (62) 
and  ischium  (63),  with  the  acetabulum  (a),* 

•  **0n  the  Archwopteryx  of  Von  Meyer,  with  a  tlcscriptjon  of  the  Fossil  Remains  oft 
Lon  ^-tailed  SpeciMi  froai  the  Utbognpbic  itoiie  of  Solenbofeo. "  By  Profettor  Oven, 
F.R.S.  &c. 
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A  full  deacription  of  ihb  mass  of  bone  as  "  the  left  os  mnominatam,  in- 
elttdiDg  the  ante  rior  two-thirds  of  the  ilium,  and  the  aoterior  half,  or  more, 
of  the  coaleeced  iscliium,"  is  given  at  p.  39;  and  at  p.  40  I  find,  "The 
inferior  or  central  *  face  [of  the  sacrum],  as  in  the  eateo/the  tli^htfy  tUt" 
heated  left  iitHominatum»  is  towards  the  observer.'* 

There  is  no  doubt  on  any  side,  that  the  end  of  the  bone  in  question  which 
at  present  is  directed  forwards  is  its  true  anterior  end,  and  that  the  edge 
which  is  turned  towards  the  spinal  column  is  the  true  dorsal  edge.  The 
question  is,  whether  the  face  of  the  bone  which  is  exposed  is  its  outer  (or 
dorsal)  or  its  inner  (or  ventral)  tare.  In  the  former  case  it  must  needs  be 
a  right  ilium,  in  the  latter  a  left  ilium. 

That  it  is  the  outer  face  of  the  bone  which  lies  uppermost  appears  to  me 
to  be  demonstrated — 

(a)  Bv  the  fact  that  the  iliac  margin  of  the  acetabulum  is  jHOJuinent, 
and  that  the  adjacent  surface  of  this  ilium  rlj^es  to  this  margin.  I  am  not 
aware  that  any  vertebrate  animal  exists  in  which  the  acetabulum  lies  at 
the  bottom  of  a  funnel-shaped  (lej)ression,  such  as  would  be  the  ca.se  in 
Archaopteri/x  if  the  bone  in  dispute  were  the  left  os  innoiiiinatum  seen 
from  the  inner  side. 

(b)  fiy  the  fact  that  a  amall  portion  of  what  appeare  to  be  an  mnominate 
bone  can  be  descried  in  doae  rektion  with  the  proximal  end  of  what  hai 
jiut  been  shown  to  be  the  left  femur;  while  the  right  femur  (called 
left  in  the  memoir),  though  dislocated,  is  not  very  far  from  the  bone  under 
discussion. 

(tf)  By  the  farther  consideration,  that  if  this  were  not  the  right  os  in- 
nominatum,  it  would  be  as  curiously  unlike  the  corresponding  bone  of  a 
bird  in  the  form  of  its  surface  as  it  resembles  it  in  all  other  respects. 

4.  The  bone  marked  51'  is  named  "left  scapula"  (/.  c.  p.  34),  and 
that  marked  61  "  right  scapula"  (/.  e.  p.  35);  and  a  full  description  of 
these  bones,  as  such,  is  given  at  pp.  36  and  37  of  the  memoir  cited. 

Nevertheless  I  venture  to  affirm  that  51'  is  the  right  scapula  and  not  the 
left;  for  it  will  not  be  denied  that  the  anterior  or  glenoidal  end  of  the  bone, 
as  it  now  lies,  is  directed  forwards,  its  posterior  or  vertebral  end  backwards, 
and  its  glenoidal  articular  surface  outwards  and  forw  ards  :  it  would  be  quite 
impossible  to  put  a  left  scapula  of  similar  construction  into  this  position. 

Farther,  the  glenoidal  end  of  this  scapula  remains  in  connexion  with 
what  is  obviously  the  glenoidal  (')v  humeral)  end  of  the  right  coracoid 
(marked  c  in  Plate  I.).  The  autii'  >t  of  the  memoir,  indeed,  gives  a  different 
inter])retatiou  of  the  osseous  projection  thus  marked  (/.  c.  p.  37) 

"The  prominence  beyond  the  left  scapula  (Plate  I.  al')  suggested  at 
first  \iew  the  humeral  end  of  the  coracoid,  but  I  believe  it  to  be  part  of  the 
humerus  corresponding  with  the  tuberosity  on  the  ulnar  side  of  the  sessile 
semioval  head,  overarching  the  pneumatic  foramen  in  the  bird.** 

*  "  Central  "  in  the  original.  The  word  appears  to  have  been  substituted  bjr  an 
error  of  the  press  fer  "  TSatnl/' 
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And  this  view  is  pictorially  embodied  in  the  restoration  of  the  bnmeros 
of  Arckaopteryx  given  in  Plate  11*  fig.  1. 

But  a  most  distinct  line  of  matrix  separates  the  humerus  from  the  promi- 
nence in  question,  in  which  may  he  seen,  with  great  clearness,  the  glenoidal 
facet  of  the  coracoid,  as  well  as  tlie  excavation  of  the  exterior  surface  of  the 
bone  whicl)  is  charncteriBtic  of  the  gleaoidal,  or  humeral,  end  of  the  cora- 
coid in  birds  and  ptcrodactyles, 

I  think,  then,  there  can  be  no  question  that  tlie  parts  marked  51'  and 
c  ill  Plate  I.  of  the  memoir  cited  are  the  riy:hr  scajmla  and  the  glenoidal 
end  of  the  right  coracoid,  and  not,  as  the  author  atiirms,  the  left  scapula 
and  a  tuberosity  of  the  liumerus. 

/).  Even  apart  from  the  fact  that  the  humerus  marked  53'  lies  in  almost 
luulisturbcd  relation  with  the  right  pectoral  arch,  it  is  obviously  a  right 
humerus.  On  no  other  supposition  can  the  relative  position  of  the  deltoid 
ridge  and  of  the  Tarioas  contours  of  the  bone  be  accounted  for.  Never- 
theless this  is  caUed  ''pfozimal  half  left  bomeras  (53'),  entire,  and  part 
of  the  distal  half"  at  p.  34  of  the  memoir  cited. 

It  is  probably  needless  to  pnnue  this  part  of  the  inquiry  any  farther.  As 
the  so-called  right  l^  turns  out  to  be  the  left,  the  so-called  left  os  inno- 
minatum  the  right,  and  the  so-called  left  scapula  and  wing-bones  to  be 
those  of  the  opposite  side  of  the  body,  the  necessity  of  a  corresponding 
rectification  for  the  other  limb-bones  needs  no  evidence. 

6.  As  both  the  hind  limbs  and  one-half  of  the  pelvis  have  just  such  po- 
sitions as  they  would  readily  assume  if  the  hinder  part  of  the  animal's 
body  lay  upon  its  ventral  face,  it  is  highly  improbable  (to  say  the  least) 
that  the  caudal  and  posterior  trunk-vertebra  should  have  turned  round  so 
as  to  present  their  ventral  aspect  to  the  ^e,  as  they  do  according  to  the 
memoir     c.  p.  44). 

But  I  apprehend  that  evidence  can  be  found  in  the  vertebrae  themselves 
sufficient  to  prove  that  their  dorsal  and  not  their  ventral  fiuies  are  turned 
towards  the  eye.  In  several  of  the  best-preserved  of  these  vertebrte,  in  fact, 
(and  Plate  I.  imperfectly  shows  this,)  the  remains  of  two  small  articular 
pooccsscs  are  distinctly  visible  at  each  eijd  of  the  vertebra.  The  superior 
surface  of  each  articular  process  is  raised  into  a  low  longitudinal  ri<1?o  ;  and 
the  posterior  pair  of  j)rocesscs  lie  at  the  sides  of  a  narrow,  parallci-sided 
plate  of  hone,  which  projects  beyond  the  posterior  edge  of  the  vertebra, 
and  is  received  between  the  anterior  articular  processes  of  the  vertebra  which 
succeeds  it.  A  low  litiear  longitudinal  elevation  occupies  the  place  of 
spinous  process. 

If  my  interpretation  of  these  appearances  is  correct,  it  is  clear  that  the 
caudal  vertebrse  (as  was  to  be  expected)  turn  their  dorsal  faces  to  tlu  eye. 

7.  One  important  and  extremely  conspicuous  bone,  the  furculum  (if  it 
be  such),  undoubtedly  turns  its  ventral  surface  to  the  eye ;  and  I  cannot 
but  suspect  that  it  is  the  bouUverumeni  of  this  bone  which  has  led  to  that 
reversal  of  the  proper  nomenclature  of  the  other  bones  which,  oouM  it  be 
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sustained,  would  leave  JrcA^eopteryje  without  a  parallel  in  the  vertebrate 
sabkingdom. 

When  the  specimen  ot  Archacopteryx  is  once  jut  into  its  right  position, 
many  points  of  its  f^tructure  arfpiirp  m\  intelliLM^ility  wliich  tlipy  lose  to 
those  who  ficcept  tlic  interpretations  trivi  ii  m  t ho  memoir.  The  so-called 
right  foot,  for  example,  which,  as  a  right  foot,  is  like  nothing  in  nature, 
becomes  stnkmgly  ornithic  as  a  left  foot,  from  the  backward  direction  of 
the  hallux  and  the  apparent  anchylosis  of  the  metatfirsa!  hones.  The  distal 
ends  of  the  second  and  third  metatarsals  appear  to  me,  liowcver,  to  be  sepa- 
rated for  a  much  greater  distance,  proportionately  to  the  length  of  the  me- 
tatarsus, than  in  any  existing  birds,  except  the  Penguins. 

The  femur  is  more  slender  and  more  curved  in  proportion  to  its  length 
tban  in  any  recent  bird  with  which  I  am  acquainted.   The  representation 
of  the  bone  in  fig.  1  of  Plate  HI.  is  ioaocnrati^  as  may  be  seen  by  com- 
paring it  with  that  g;iven  in  Phite  1. 
The  small  sixe  of  the  cnemial  crest  of  the  Ubia  is  also  very  remarkable. 
The  right  innominate  bone  is  imperfectly  represented  in  Plate  I.  of  the 
memoir  cited.  Its  anterior  end  is  not,  as  it  there  appears  to  be,  abruptly  trun- 
cated :  there  is  an  elevation  in  the  region  which  would  be  occupied  by  the 
prominence  against  which  the  base  of  the  great  trochanter  works,  and  which 
is  so  characteristic  of  birds.   The  greater  part  of  the  ischium  is  not  re- 
presented ;  and  the  saerosciatic  space  certainly  has  not  the  form  which  it 
is  represented  to  have.    The  references  o  to  the  "  obturator  foramen,"  and 
63,  to  the  "ischium    {I.  c.  p.  40),  are  unintelligible  to  me. 

The  ischium  can  be  traced  back  for  j  of  an  inch  from  the  acetabulum ; 
and  so  much  of  it  as  is  preserved  remains  narrow  throughout  this  extent, 
and  is  convex  upwards,  but  concave  downwards  or  towards  the  matrix. 

The  ventral  edge  of  the  ischium  appears  to  be  entire  throughout  this 
extent ;  but  the  posterior  moiety  of  its  dorsal  edge  is  somewhat  rough  and 
angular.  It  is  tlirirti  re  very  probalde  that  the  ischium  expanded  behind 
the  saerosciatic  uot<  li  nnd  united  with  the  ilium,  as  it  very  generally  does  in 
carinate  birds.  It  is  \i;ry  desirable  that  this  part  of  the  skeleton  of 
Archo'optenjx  should  be  figured  again. 

The  scapula  has  a  distinct  clavicular  process,  as  in  carinate  birds;  and 
it  seems  to  he  pretty  clear  that  the  scapula  Ii.i  l  tiiai  twofold  angulation 
upon  the  coiacuid  which  is  chaiacUristic  ot  llic  L'arin<if<e. 

The  glenoidal  end  of  the  coracoid  is  unlike  the  corresponding  part  of  that 
bone  in  any  of  the  Ratitm ;  but  it  is  more  like  that  of  a  Pterodactylc  than 
that  of  any  carinate  bird  which  I  have  met  with.  It  is  less  prominent  (and 
the  counterpart  shows  that  this  shortness  is  not  the  result  of  fracture)  than 
in  any  recent  bird,  provided  with  a  strong  furculum,  with  which  I  am 
acquainted.  In  fact,  in  its  form,  and  strength  rektively  to  the  shoulder^ 
girdle,  the  so-called  "  ftirculum  "  appears  to  me  to  be  the  greatest  osteo> 
logical  difficulty  presented  by  Arek4topieiyx»   1  prefer  waiting  for  the 
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light  wliich  will  be  afforded  by  another  specimen  to  the  indulgence  of  any 
speculation  regarding  this  bone  ;  in  the  meanwhile,  I  by  no  means  wish  to 
deny  that  appearances  are  strongly  in  favour  of  the  iuterpretatiou  which 
has  been  put  upon  it* 

In  conclusion,  I  may  remark  that  I  am  unaware  of  the  existence  of  any 
"law  of  correlation  "  which  will  enable  ns  to  infer  that  the  mouth  of  this 
animal  was  devoid  of  lip?,  and  was  n  toothless  beak.  The  soft  tortoises 
(Trrmn/.c)  have  fleshy  lips  as  well  as  horny  beaks ;  the  Cfielonia  in 
general  have  horny  beaks,  though  thev  posses^  nn  ti  athers  to  preen  i  and 
Rhamphorhifnchu8  combined  both  beak  and  t  h,  though  it  was  equally 
<levoid  of  feathers.  If,  when  the  head  o{  Arrlia'opterifx  is  discovered,  its 
jaws  contain  teeth,  it  will  not  the  more,  to  my  mind,  cease  to  beabird,  than 
turtles  cease  to  be  reptiles  because  they  have  beaks. 

All  birds  have  a  tarso-nictatarsus,  a  pelv  is,  and  feathers,  such,  in  principle, 
as  those  possessed  by  Arcltaopteryx.  No  known  reptile,  recent  or  fossil, 
combines  these  three  characters,  or  presents  feathers,  or  possesses  a  com- 
pletely ornithic  tarsotnetatarsus,  or  pelvis.  Comp/tognathu*  comes  nearest  in 
the  tarsal  region,  Megalotaxrua  and  Iguanodon  in  the  pelvis.  Bnt,  so  for 
as  the  specimen  enables  me  to  judge,  I  am  disposed  to  think  that,  in  many 
respects,  Arekteopteryx  is  more  remote  from  the  boundary-line  between 
birds  and  reptiles  than  some  living  EtaiUm  are. 

II.  Account  of  Experiments  on  Torsion  and  Fleiure  for  the  Determi- 
nation of  Rigidities.'^  By  Joseph  B.  Everett,  D.C.L.,  Professor 
of  Natural  Philosophy  iu  Queen's  College,  Belfast.  Communicated 
by  Sir  William  Thomson.    Received  January  IS,  1868. 

(Abstract.) 

This  paper  describes  a  continuation  of  experiments  related  in  two 
former  papers,  read  February  22,  1866,  and  February  7,  1867,— the  sub- 
stances operated  on  in  the  new  series  being  wrought  iron,  cast  iron,  and 
copper,  and  the  mode  of  proccdnre  being  the  same  as  in  the  latter  of  the 
two  precerhn<!:  series.  The  results  obtained,  along  with  those  published  in 
the  former  p  ;}h  r^,  are  given  below,  the  figures  I.,  II.,  III.  indicating  the 
pap«'r  in  wIik  h  the  results  are  dedticcd.  The  values  of  M,  «,  and  k  are  iu 
miiliuns  of  grammes  weight  per  square  centimetre. 


M. 

Young'a 
modulus. 

1 

Rigidity. 

*,  ' 

Resistance  to 
oomproMion. 

PoiMon's 
ratio. 

SpeoiRc 
grdvitj. 

GlaM,  flint,  I. 

(U4vS 

24  4  2 

423  0 

■2r>s 

Do.       II.  ... 

2390 

30.3-3 

•229 

Brasa,  drawn,  II. . . . 

3729 

.'i701  (?) 

•m 

8^471 

L' 171 1-3 

8-i4l 

187;>(J 

•310 

7849 

Iron,  wrought,  III. 

783  8 

1484  1 

•275 

7-()77 

13741 

5423 

9S2  2 

•207 

7-235 

Copper,  drawn. III. 

1  lTm  8 

4r):>r> 

171H-4 

•378 

8-849 
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February  G,  1868. 

Lieut-Oenenl  SABINE,  Pfesident,  in  the  Chair. 

The  followuig  commmucation  w»8  retd 

'*  Comparison  of  Magnetic  Disturbances  recorded  by  tlie  Self- regis  tar- 
ing Magnetometers  at  the  Royal  Observatory,  Greenwich,  with 
Magnetic  Disturbances  deduced  from  the  corresponding  Terres- 
trial Galvanic  Currents  recorded  by  the  Self- registering  Galva* 
nometert  of  the  Royal  Observatory."  By  George  Biddbll 
AiBT,  Astronomer  Royal.    Aeceived  December  20, 1867. 

(Abstract.) 

The  author,  after  adverting  to  the  origin  of  this  branch  of  science,  as 
commencing  (with  himself)  in  commnnicataons  with  Messrs.  Edwin  and 
Latimer  Clark,  but  more  particnlarlj  with  Mr.  Charles  V.  Walker,  and 
allnding  to  the  important  labours  of  Mr.  W,  H.  Barlow,  Mr.  Walker,  and 
Jh,  Lamont,  proceeds  to  give  the  official  hutory  of  the  establishment  of 
the  wires  and  other  appamtus  necessary  for  its  prosecution  at  the  Royal 
ObserTstory.  In  I860  and  1861,  the  author  submitted  to  the  Board  of 
Visitors  of  the  Royal  Observatory  propossls  for  extendmg  wires  from  the 
Rc^ral  Observatory  in  two  directions  nearly  at  right  angles, — on  the  scrond 
occasion,  specifying  Croyilon  and  Dartford  as  terminal  points.  The  Board 
in  1861  recommended  this  to  the  Admiralty,  who  immediately  gave 
their  sanction.  The  author  then  applied  to  the  Directors  of  the  South- 
Eastern  Railway  for  permission  to  place  his  wires  on  their  poles,  which 
wn»?  granted,  nt  n  merely  iiominnl  rent.  All  the  wires  and  Inbmsr  in 
nio anting  them  were  provided  by  the  Railway  Ct)n)j)any  at  cost  price,  and 
the  iiisalators  were  furnished  by  Messrs.  Silver  without  profit.  The  wires 
communicate  with  the  earth  at  both  ends  of  each  by  solder-attachmeut  to 
water-pipes. 

The  author  then  (lc'5(^ribcs  the  apparatus  made  hy  Mr.  Simms  for  the 
record  of  the  currents.  For  each  wire  the  currtnt  acts  on  a  galvanometer 
whose  needle-carrier  also  supports  a  small  plane  mirror ;  and,  by  proper 
adjustment  of  cyhndrlcal  lenses,  nenl  spots  of  light  are  formed  upon  a 
rotating  ebonite  cylinder,  covered  with  photogrnpiuc  paper  aud  made  to 
revolve  (by  clockwork)  in  twenty-four  hours.  With  angular  motion  of 
the  galyanometer,  the  spot  of  light  moves.  The  zero  of  measure  is 
obtained  by  interrupting  the  wire-circuit*  The  sero  of  time  la  obtained  by 
interrupting  the  light  and  obserring  the  corresponding  dock-time.  Other 
adjustments  haTC  received  great  attention* 

Many  delays  ocairred  in  the  establishment  of  the  apparatus,  and  finally 
from  the  discovery  that  the  earth>cnrrents  were  rery  much  stronger  than 
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had  been  anticipated.  From  186.%  April  18«  it  has  been  coutiuuouiily  m 
use,  in  the  same  form  as  at  ])rcscat. 

The  nuLlior  then  gives  thu  theory,  algebraical  and  numerical,  for  infer- 
ring, from  the  majxnitnJe  of  the  galvanic  currents  observed  in  two  kiiuuii 
directions,  the  magnitude  of  the  gnlvaiiic  currents  in  the  north  and  wcjst 
directions.  And,  proceeding  from  these  by  the  known  law,  that  when  a 
current  from  the  graphite  or  copper  pole  of  a  battery  passes  under  a 
needle,  it  forces  the  austral  element  to  the  right  (aa  refemd  to  tbe  current^ 
course),  be  infers  tbe  magnitude  of  tbe  magnetic  foroe  in  the  nortb  and 
west  directions. 

The  numerical  expression  contains  four  unequal  constant  factors,  bj 
wbich  tbe  pbotogra[)hic  ordinates  must  be  multiplied.  Tbe  author 
explains  that,  for  bis  own  preliminary  examination,  he  used  four  pro- 
pprtional  compasses,  constructed  expressly  for  this  purpose  bj  Mr.  Simms, 
and  thus  formed  tbe  ordinates  of  tbe  new  Hagnetic>Force  Cunres  with- 
out any  use  of  nnmbers  whatever.  But  for  the  more  detailed  work  to 
be  done  by  young  assistants,  be  judged  it  better  to  measure  the  ordinates 
by  scales  with  graduations  of  different  Tsltie,  and  to  add  tbe  results^  thus 
forming  numerical  values  of  the  magnetie  ordinates. 

The  resulting  scale  being  arbitrary,  it  was  so  adapted  that  tbe  laigest 
ordinates  were  not  very  different  from  tbe  largest  ordinates  of  the  curves 
given  by  the  Horizoutal-Foroe  Magnetometer.  The  curves  given  by  the 
Declination  Magnetometer  were  adapted  to  the  scale  of  the  Horiiontal- 
Force  Magnetometer. 

In  the  large  diagrams  exhibited  to  the  Society,  the  curves  representing 
the  North  Force  as  shown  by  the  Horizontal-Force  Magnetometer,  and  the 
North  Force  as  inferred  from  the  Oalvanomcters,  are  brought  into  juxta- 
position, and  tlip  curves  representing  tlic  West  Force  us  sliown  bv  the  De- 
rlinntiun  Magnetometer,  and  as  inferred  from  the  Galvanometers,  are 
brought  into  juxtaposition,  for  seventeen  days  in  I8G5,  \SG6,  and  \SG7» 
And  the  general  agreement  between  the  curves  of  the  two  classes,  cs])C- 
cially  for  the  Nortli  Force,  is  so  remarkable  that  the  author  cxjiresses  his 
undoubtiiig  belief  that  the  irregularities  of  magnetic  force  are  caused  by 
the  galvanic  currents.  At  the  same  time  he  indieateai  some  discordances 
wliieh  rc(juirc  further  examination.  One  of  these  is,  that  the  disturbance 
inferred  iVom  the  galvanic  currents  usually  (but  not  always)  precedes  that 
recorded  by  the  niagnetoualdd.  Another  is,  (hat  the  North  Force  ap- 
pears, from  the  galvanic  currents,  to  be  increased  (whereas,  in  magnetic 
Storms,  it  is  usually  found  to  be  diminished).  There  are  other  poiuU  of 
smaller  importance. 

The  author  suggests  as  possible  that  tiicse  discordances  may  arise  from 
the  circumstance  that  tbe  Observatory  is  at  the  end  of  each  of  tbe  wires  i 
and  therefore  tbe  galvanic  current  which  is  recorded,  being  that  which 
covers  a  space  whose  centre  is  several  miles  fVom  tbe  Observatory*  may  not 
correspond  to  the  n.aguctic  forces  which  are  observed  at  the  Observatory. 
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And  be  lubmiU  for  eosrideradon  whether  ii  mBj  not  be  desirable  to  tiy 
two  shorter  wires*  the  two  ends  of  each  wire  making  connexion  with  the 
earth  on  opposite  sides  of  the  Obsenratorf ,  and  the  legiBter  of  each  being 
made»  at  the  Obserratoiy,  near  the  middle  of  its  length. 

Febmary  18, 1868. 

Lieut.-Geueral  SABINE,  FresideBt,  ia  the  Chair* 

The  following  communicationB  were  i  uuU  :-— 

I.  ^'On  the  Mysteries  of  Xambers  alluded  to  by  ^ermat.'' — Second 
Commonication.  By  the  Right  Hon.  Sir  Frederick  Pollock, 
Bart,  F.R.S.   Received  January  14, 1868. 

(Abstract.) 

This  paper  is  not  adapted  to  be  read  in  extento ;  so  mu<^  of  it  is  con- 
nected with  mere  calculation,  so  much  more  of  it  requires  continual  re- 
ference to  diagrams,  that  no  adequate  knowledge  of  its  contents  would  be 
acquired  by  merely  heariug  it  read  aloud ;  but  a  statement  has  been  pre- 
pared of  what  it  contains  which  will  gire  a  general  view  of  the  result. 

The  properties  ascribed  to  all  odd  numbers,  in  addition  to  those  con* 
tmned  in  Fermat's  theorem,  are  these: — 1st.  The  algebraic  sum  of  the 
roots  in  some  form  of  the  I  squares  which  compose  the  number  will  equal 
1 ,  3,  5,  7,  &'c.  (every  odd  number  which  it  is  large  enough  to  produce)  ; 
2ndiy,  the  difference  l>ctwecn  some  2  of  the  roots  will  be  any  odd  or  even 
number  wliatcvcr,  subject  to  the  same  limitation. 
13  5    7  9 

The  series  1, 3,  7,  13,  &c.  (n,  n,  n,  n  +  /)  will  give  1,  3, 5,  &e.  as  the  sum 
8  4  6  8 

of  the  roots  of  its  terms ;  and  eaeh  term  ia  the  smallest  that  will  giTe  thait 

1^57 

amount.  So  1, 5, 13, 2b,  &c.  is  the  series  whose  terms  are  the  smallest  that 
4  8  12  16 

give  the  odd  numbers  as  a  difference  of  the  roots»  and  1,  3,  9,  t9»  kt,  that 

2  6  10 

give  the  even  numbers.  And  these  are  the  three  series  that  compose  The 
Square  (the  subject  of  the  laet  paper)  when  the  1st  terra  is  1 ;  nnd  they 
are  the  cause  of  its  properties.  A  portion  of  the  paper  is  devoted  to  an 
investigfttion  of  the  change  effected  in  tlie  sum  of  the  squnre?,  by  a  change 
in  the  roots.  If  2  roots  diflVr  liy  ?/,  thev  may  be  represented  by  a  uud 
rt  +  n;  and  if  the  smaller  be  dnninished  by  1,  and  the  larger  increased  by 
.1,  the  sum  of  the  squares  is  increased  by  2«4--  ;  if  n=0,  the  difference  is 
2;  and  it  becomes  4,  6,  8,  &c.  as  n  becomes  1,  2,  3,  '1,  he.  C)a  ihe  other 
liuud,  if  the  smaller  root  be  increnscd  and  the  larger  diminished  by  1,  the 
,sum  of  the  squares  becomes  less  by  2a— 2. 

2  A  2 
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A  Bimilar  properly  bcloogs  to  all  polygonal  nnmbera ;  in  the  trigonal 
the  increase  is  •    it  +  I> 

in  the  square  it  is  . .  •   27t +2 1  . 

in  the  pentagonal   3ii-l-3, 

and  in  the  m-gonal.  mn-{-m. 

When  the  reverse  operation  takes  place  and  the  sum  of  the  squares  is 
diminished,  the  -f-  (phis)  in  the  above  expressions  brconies  —  (minus). 
Tlierc  arc  some  other  modes  mentioned  also  in  (1(  alinir  with  the  roots  so  as 
to  increase  the  sum  of  the  scpiares  hy  2,  although  tliere  be  not  two  of  the 
roots  which  are  equal.  A  proof  is  offered,  by  means  of  a  supplemental 
square  decreasing  as  the  other  increases,  that  if  every  number  up  to  2n-\- 1 
has  the  properties  of  odd  numi)cr3  above  enumerated,  then  the  number 
2n  +  3  will  also  jiossess  them  ;  and  if  this  be  so,  then  every  subsequent  odd 
number  will  likewise  possess  them.  This  is  a  mode  of  proof  not  uu- 
frequent  in  mathcmaticaljnvestigations  :  it  cannot  be  abbreviated  ;  but  it 
may  be  useful  to  state  that  the  proof  chiefly  arises  from  this,  that  if  one 
term  of  a  series  corresponds  with  the  law  of  it,  then  every  term  will  do  so, 
and  in  all  the  series  but  two  there  will  be  one  term  obedient  to  the  law 
which  renders  all  the  rest  so ;  the  other  two  series  are  treated  differently. 

It  is  shown  that  if  a  term,  in  the  series  1, 3,  7,  &c.,  whose  terms  (repre- 
sented in  the  roots  of  the  4  squares  of  which  they  are  the  sum)  will  be 

fi»  n  (fi^  1)  be  increased  by  2,  the  roots  being  altered  in  the  manner 
described  above,  the  operation  may  be  carried  on  till  one  of  the  terms  be- 
comes zero  (0) ;  but  the  next  term  in  the  series  will  be  reached  before  that 
occurs.  Then  the  next  term  may  be  taken  as  the  beginning  of  another 
nmilar  operation,  and  may  go' on  till  another  term  is  reached,  and  so  on 
without  end.  In  this  way  the  4  squares  into  which  any  odd  numbers  may 
be  divided  will  be  obtained  ;  and  if  every  odd  numbcHT  is  divisible  into  4 
squares,  every  even  number  will  be  so  likewise. 

The  next  subject  is  considered  the  most  material  and  important  in  the 
paper,  because  it  connects  I.agrange's  proof  of  the  square  numbers  with 
The  Square  (the  subject  of  the  lust  j)aper),  Ei^r  thought  that  no  assistance 
could  be  derived  from  the  proof  of  Lagrange  as  to  the  other  branches  of 
the  theorem  (see  Euler,  '  Opuscula  Analytics,'  vol.  ii.  p.  4).  But  if  every 
odd  number  is  composed  of  1  squares  or  less,  then  a  number  of  the  form 
4i)+'2  must  be  eomjiosed  of  2,  3,  or  4  squares,  and  in  any  of  these  cnpcs 
It  (any  number)  will  be  equal  to  1  trigonnl  numbers,  tvhich  is  shou  n  in  the 
paper.  The  expression  ff^  +  a  +  i"  has  been  proved  in  a  former  paper  of 
the  author  to  be  a  general  expression  for  any  2  trigonal  numbers  ;  and  if 
any  nuinl  iLT  is  composed  of  4  trii;onal  numbers  or  less,  a -h  -\- 
-f  m-f  V.  11  r  ;  resent  atiy  number  whatever,  odd  or  even,  and  2u^ +  2a 
-f  ' J/y'+  '2iji-  i  J-w  -f  In-  will  represent  any  even  number.  This  connects  La- 
grange's, proof  of  tljc  s-qiiut  cs  with  The  Square,  which  is  the  subject  of  the 
last  paper;  and  if  a  scries  be  composed  of  squares  and  double  trigonal 
numbers  beginning  with  nothing,  and  having  differences  2,  2,  4,  4,  6,  6, 
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8,  8»  &c.,  the  leries  will  be  2, 4,  8, 12,  18,  &e.,  and  any  eren  number  will 
be  made  witb  lome  4  tenns  of  the  series.  Now  The  Square,  the  subject  of 
the  hut  paper,  has  a  property  not  noticed  in  the  former  paper,  vis.  Chat  the 
first  term  of  The  Square,  supposing  it  to  be  of  the  form  4n+3,  will  be  in- 
creased in  descending  down  the  principal  diagonal  into~the^Bum  of  the 
squares  of  the  roots  n,  n-f  1,  m+  1,  n-|- 1,  into  which  the  nnmber  itself  may 
be  dirided ;  and  if  the  form  of  the  number  be  4n+ 1,  a  term  wliich  is  the 
Slim  of  the  roots  n,  n,  n,  n  + 1  (into  which  4w  + 1  may  be  divided)  would 
appear  in  the  diagonal  next  below  the  principal  diagonal ;  and  as  every  odd 
number  is  of  the  form  of  cither  +  or^ln-j-l,  this  applies  to  every 
possible  odd  number,  and  each  of  these  numbers  is  a  term  in  the  series 
already  mentioned,  1,  3,  7,  13,  &c.,  and  which  may  be  increased  by  any 
even  nnmber  by  means  of  the  series  20',  2a-  +  2a,  and  so  on.  This,  it  is 
shown  in  the  paper,  may  be  so  altered  as  to  correspond  with  the  index  of 
some  nnmber  in  the  principal  diagonal  of  the  square,  or  tlic  one  below  it, 
mid  will  therefore  ascend  to  the  first  term  in  T/ir^  Sfjuifre,  and  give  the  sum 
of  its  roots  equal  to  1 ;  and  therefore  (1?8  +  3—  1)  ciividcd  by  2  will  be  com- 
posed of  3  trigonal  uumbers,  autl  in  Uie  other  case  (-In-f-l— 1)  is  divided 
by  2 ;  that  is,  every  odd  and  every  even  number  is  composed  of  3  trigonal 
numbers.  If  this  be  so,  Fermat's  theorem  of  the  trigonal  numbers  is 
proved  from  the  case  of  the  squares,  which  (it  is  believed)  has  not  been 
done  before ;  but  this  leads  to  olher  conclusions,  which  are  shown  in  the 
paper.  If  1  be  the  first  term  of  Tke  Square,  every  term  in  it  will  have  its 
roots  of  the  squares  that  compose  it  of  the  form  +la,a,  b,  6,  and  the  term 
itself  will  be  composed  of  two  trigonal  numbers ;  but  if  each  of  these  be 
made  the  first  term  of  a  square,  every  odd  number  will  be  found  in  some 
of  the  resulting  squares  $  and  it  is  shown  that  every  odd  number  not  only 
is  of  the  form  l+2a'+2a+2^*+2a^+2sl+2»^  but  also  of  the  form 
l+2^+2a+26'+2m*+2m,  or  l+2a'+2a4-26'+2ii^  so  that,  with  re- 
respect  to  every  odd  number,  two  of  the  squares  that  compose  it  may  be 
e<|ual,  and  also  two  may  have  their  roots  differing  by  1. 

There  remains  one  other  matter  to  be  mentioned,  viz.  a  certain  remark- 
able relation  which  all  the  polygonal  numbers  bear  to  etch  other,  and 
which  forms  a  connexion  that  runs  through  them  all,  from  which  it  would 
seem  to  follow  that  a  solution  of  the  theorem  as  to  one  would  be  a  solution 
as  to  all  the  rest  (except  tlie  first). 

This  relation  arises  in  the  square  numbers  by  a  property  of  the  gradation 
series,  already  in  jmi  t  alhidcd  to,  viz.,  as  to  the  odd  numbers,  by  which  the 
interval  between  any  two  terms  can  be  tilled  up,  all  the  terms  having,  as 
to  the  odd  nnnibers,  the  sum  of  the  roots  of  the  squares  that  conijio^L'  them 
equal  to  ihc  sum  of  the  roots  ot  the  tirst  term  ;  but  the  interval!?,  o:^  to  the 
eren  numbers,  may  be  also  filled  up  by  making  tlie  sum  ol'  the  roots  one  less 
than  that  of  the  roots  of  the  odd  numbers  (see  the  Table  in  Diagram  No.  3, 
which  is  thus  constructed).  A  term  in  the  gradation  series  is  assumed  (in 
this  coiie  73)    its  roots  ore  4, 4, 1,  5  ;  and  the  routb  of  all  the  odd  numbers 
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between  that  and  the  nest  term  are  found  by  the  pfaeeeaei  mtntioned  in 
the  former  part  of  this  paper.  The  roota  of  the  even  nnmbera  are  then 
obtained  by  an  analf^oua  proceis ;  and  tbeae  are  need  as  baaee  or  roots  of 
the  polygonal  nnmbers,  which  are  placed  in  colnmns^  with  their  sums,  aa 
appears  in  the  Table  (see  Diagram  No.  4  for  the  mode  in  which  the  poly* 
gonal  numbers  are  formed). 

It  will  be  observed  that  the  sum  of  the  roots  or  bases  is  1 7 ;  but  if  they 
be  used  to  form  trigonal  numbers*  the  inorement  of  the  anm  of  the  re- 
sulting trigonal  numbers  above  the  sum  of  the  roots  or  bases  is  28,  and  lo 
on  of  the  leit,  each  successive  column  increasing  by  the  same  number,  vis. 
28.  If  the  roots  or  bases  be  fi,  n,  a,  n  + 1  (that  U,  a  term  in  the  gradation 
seriei),  the  increment  of  the  sums  of  the  anocesiive  columns  will  be 
2m'*  ^n,  a  trigonal  number. 

Agaio>  in  the  trigonal  numbers  the  difference  between  the  sums  of  the 
first  and  second  term  is  0 ;  in  the  iquarc  numbers  it  is  1  ;  in  the  pentagonal 
numbers  2  ;  in  the  hexagonal  numbers  3  ;  in  the  heptagonal  numbers  4  { 
but  in  all  of  them  the  difference  between  the  second  and  third  terms  is  1, 
and  this  continues  throughout.  The  difference  between  the  third  and 
fourth,  the  fifth  and  sixth,  the  seventh  and  eiglith,  &c.,  increnscs  by  1  in 
each  cohinin  ;  hut  the  dilferencc  between  the  second  and  tliird,  the  fourth 
and  tilth,  the  sixth  and  scvmHi,  Sec,  is  always  I  in  each  cohunu  j  and  the 
rtsnlt  is  that,  by  adding  1  in  (he  jicntat;;oiial  colunin,  by  adding  I,  orl.I 
ill  the  liexns^onnl,  by  adding  1,  or  1.1,  or  1.1.1  iu  the  heptagonal,  every 
number,  odd  or  even,  can  be  made  by  n(jt  exceeding  four  Fqimre  numbers, 
or  five  pentagonal  numbers,  or,  &;c.,  as  clearly  appears  by  the  Table. 

This  corresponds  with  v. hat  was  discovered  by  Cauchy,  published  at  the 
end  of  Legcnihi  s  '  Tlu'orie  des  Nombrcs,*  viz,  that  four  only  of  each  class 
of  numbers  is  necessary  ;  the  rest  may  be  supplied  by  1  repeated  as  often  as 
necessary.  But  I  must  not  omit  to  say  that,  although  all  the  odd  numbers 
are  sufficiently  obedient,  there  is  one  class  of  even  numbers  quite  refractory, 
vis.  the  powers  of  2.  They  maybe  easily  expressed  in  squares,  pentagonal 
numbers*  ke,,  but  they  cannot  be  brought  within  the  rule  that  otherwise 
prevails. 

11.  "Compounds  Isomeric  with  the  Sulphocyauic  Ethcr.s.— I.  On  the 
Mustard  Oil  ol  the  Ethyl  Series."  By  A.  W.  IIofma.nn,  LL.D., 

The  results  of  my  researches  on  the  chloroform-derivatives  of  the 
primary  monamines,  which,  as  I  have  shown,  are  isomeric  with  the  nitriles, 
could  not  fail  to  direct  my  attention  to  allied  groups  of  bodies,  with  the 
view  of  discovering  similar  isomerisms. 

In  a  note  commuuicnted  to  the  Royal  Society  some  months  ago,  I 
expressed  the  expectations  which  even  then  appeared  to  be  justified  in  the 
fiillowing  manner "  In  oonclusioni  I  may  be  permitted  to  annoanoa  as 
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very  probable  the  existence  of  a  rim  Ios  of  boiiies  isomeric  with  the  sulj>ho- 
(^anides.  Already  M.  Clot-z  luis  shown  that  the  action  of  chloride 
of  cyanogen  on  ethylate  of  potassium  gives  rise  to  the  formation  of  an 
ethylic  cynnate  possessing  properties  absolutely  different  from  those  be- 
lonjrins  to  the  cyanate  discovered  by  M.  A\  ui  t/.  On  compariug,  on  the 
othn  hand,  the  properties  of  the  nicthylic  aiiJ  cLhjlic  sulphocyanides  with 
those  of  the  Eulphocyanidts  ul'  uli)  i  and  phenyl,  it  can  scarcely  be  doubted 
that  we  have  here  the  representatives  of  two  groups  entirely  different,  and 
that  the  terms  of  the  methyl-  and  ethyl-series  wliich  correspond  to  oil  of 
mustard,  and  to  the  sulphocyanlde  of  phenjl,  still  remain  to  be  diico?ered, 
Experiments  with  wliich  I  am  now  engaged  will  show  whether  these  bodies 
cannot  be  obtained  bj  the  action  of  the  iodides  of  methyl  and  ethjl  on  snl* 
phocjanide  of  silver." 

These  experiments  I  have  since  conduded,  bnt  the  hopes  which  I 
expressed  have  not  been  realised.  Dry  sulpboqranide  of  silver  is  mucli 
less  easily  attacked  by  the  alcohol-iodides  than  the  cyanide.  The  mix« 
tnre,  in  consequence  of  the  formation  of  iodide  of  silver,  rapidly  turns  yelIow» 
bat  the  reaction  is  not  completed  without  protracted  digestion  in  the  water* 
bath ;  on  snbmittingtbeprodact  of  the  reaction  to  distillation,  the  well-known 
sulphoeyanic  ethers,  discovered  by  M.  Cahours,  are  obtained.  The  expe* 
riment  was  performed  both  in  the  ethyl-  and  the  amyl-series;  the  ethers 
thus  produced,  when  compared  with  the  compounds  prepared  by  distilling 
sulphocyanlde  of  potassium  with  sulphethylates  or  sulphamylates,  exhi- 
bited the  same  odirar,  the  same  boiling-point,  and  in  general  the  same 
chemical  deportment. 

The  failure  of  these  experiments  could  not,  however,  shake  iny  belief  in 
the  existence  of  two  series  of  bodies  of  the  composition  of  the  sulphoeyanic 
ethers.  It  was  only  necessary  to  find  the  method  of  producing  the  new 
isomers. 

I  was  fortunate  enough  almost  at  the  very  outset  to  trace  thcri{;ht  track, 
and  I  beg  leave  to  submit  to  the  Hoyal  Society  some  of  the  facts  established 
even  now  by  my  experiments.  Tiicse  experiments  are  intimately  connected 
with  some  of  mv  older  observations. 

More  than  twenty  years  n^o,  ^vhen  studying  the  action  of  bisulphide  of 
carbon  on  aniline,  T  discovered  a  finely  crystallized  body,  which  in  succession 
has  been  designated  as  Sufpliocarfidnilidey  Diphenylsulphocarhamidc,  and 
sulpfiurcf ted  dijihcntjhirca.  About  ten  years  later*,  this  com])omKl  again 
passed  through  hiy  hands.  I  then  found  that,  when  submiLtcd  to  the 
action  of  anhydrous  phosphoric  acid,  sulphocarbanilide  was  converted  by  the 
loss  of  1  mol.  of  aniline  into  sulphocyanlde  of  phenyl.  The  phenyl-cora- 
ponnd  has  the  peculiar  ]mngent  odour  of  the  ethereal  oil  of  black  mnstard ; 
like  the  latter  it  possesses  the  facnlty  of  fixing  the  ammonias — so  mnch  so« 
indeed,  that  I  did  not  hesitate  to  describe  the  new  compound  as  the  mnstard 
oil  of  the  phenyl  series. 

*  Pvoot  of  the  Hoy.  Soe.  vol.  iz>p.  274. 
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I  almost  wonder  now  that  the  experiments  perfonned  in  the  phenyl 
series,  and  soon  afterwards  also  in  the  naphthyl  serief,  were  not  even  then 
extended  to  the  eth)  lie  eompounds  and  their  homologucs — ^the  more  so  since 
the  study  of  the  action  of  bisulphide  of  carbon  upon  amylamine  and  ethyl- 
aminc  had,  so  to  say,  supplied  me  with  the  material  for  the  inquiry.  When 
cotitrmplfttcd  in  the  light  of  the  recent  observations,  these  experiments 
acquired  an  increased  interest ;  for  I  could  no  longer  doubt  that  the  reaction, 
which  had  yielded  me  the  sulphocyanidc  of  phenyl,  wlicn  nppropriatcly 
apjilK  il  ((I  the  derivatives  of  mcthvlic,  ethvlic,  and  nniylic  alcohols,  would 
put  mv  into  possession  of  the  compounds  isomi  lic  with  the  sulphocyanic 
ethers  winch  I  was  anxious  to  procure.  Experiment  has  not  failed  to 
confirm  my  anticipations. 

Esperim^U  in  iht  Ethyl  •enw. 

The  gent  i  al  character  of  the  action  of  bisulphide  of  carbon  upon  t  lhvl- 
amine  1  had  examined  when  more  minutely  investigating  the  behaviour  of 
nmylamine  under  the  influence  of  the  bisulphide*.  I  have  resumed  the 
inquiry,  which  has  furnished  me  Che  following  teaiilta : — 

On  adding  biiiulphide  of  carbon  to  an  alcoholic  solution  of  ethylaminet 
the  liqnid  becomes  more  or  less  heated,  according  to  the  eoncentraUon  of 
the  solution.  The  liquid  turns  neutral,  and  yields  on  evaporation  an  oily 
compound,  which  after  some  time  solidifies  Into  a  mass  of  splendid  tabular 
crystals.  This  compound  fuses  at  103^  and  then  retains  the  liquid  con- 
dition even  when  cooled  to  the  ordinary  temperature.  When  gently  heated, 
the  salt  is  Tolatilixed,  partly,  at  all  events,  without  deoompo^on.  Theae 
eiyslals  are  the  etfylammesali  of  eihyUmilphitcmrhamk  aeid. 

The  salt  is  readily  soluble  both  in  water  and  in  alcohol.  Addition  of  soda 
disengages  cthylamine,  giving  rise  to  the  formation  of  ethylsulphocarba- 
mate  of  sodium.  Hydrochloric  acid  decomposes  the  salt  with  separation 
of  the  acid,  which  collects  in  oily  drops  on  the  surface  of  the  liquid,  grap 
dually  solidifying  to  a  mass  of  fatty  crystals.  Bxoess  of  hydrochloric  add 
dissolves  these  crystals,  bisulphide  of  carbon  being  evolved,  and  a  salt  of 
ethylamine  remaining  behind. 

Under  the  protracted  influence  of  heat  ethylsulphocarbamate  of  ethyl- 
amine is  thoroughly  decomposed. 

Even  ot  the  temperature  of  boiling  water,  torrents  of  sulphuretted  by* 
drogen  are  disengaged  ;  the  transformation  is  rapidly  accomplished  when 
the  alcoholic  solution  is  heated  under  pressure  to  110^  or  120*^.  On  eva- 
porating the  alcoholic  liquid  after  the  evolution  of  sulphuretted  hydrogen 
has  ceased,  an  oily  liquid  remains  behind,  which  also  crystallixes  after  some 
time.   These  crystals  fuse  at  77°,  they  are  likewise  soluble  in  alcoholt 

•Proe.  of  the  Boy.  Sbe.  voL  ix.  p.  fiOl  (18G0). 
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but  differ  from  the  etiivlsulphocarhamntc  by  tlicir  insolubility  in  water. 
Hydrochloric  acid  dissolves  tlicm  ;  the  solution  yields,  with  perchloride  of 
platinum,  a  light-yellow  precipitati'.  The  new  substance  is  diethyhul- 
phocarhamhle  or  sulpha  >,(  t  i  d  diethylurea,  the  formation  of  which  is  repre* 
Kuted  by  the  ibh  owing  equation 

[(C  S) "  (C,H.)  HN]  1  g   H 1  g  f 

On  gently  heating  a  mixture  of  diethylsulphornrbamidc  with  snhy- 
drous  phosphoric  acid,  pungent  vapoiirs  are  evolved,  which  are  con- 
densed to  a  yellowish  liquid  possessing  in  a  remarkable  manner  the  odour 
of  mustard  oil.  When  rectified,  this  liquid  becomes  colourless ;  it  boils 
constantly  nt  13  P,  and  has  tlie  same  conijjosition  as  the  sidphocynnidc  of 
ethyl  which  is  formed  by  the  action  of  a  nietnllic  sulphocyanide  upon 
Bulphethylate  of  potassium.  The  new  substance  is  formed  by  the  scpa- 
ration  from  the  dleth\ Isulpbocarbainidc  of  one  molecule  of  ethylamine, 
which  unites  with  the  phospiioric  acid. 

In  its  properties,  the  new  compound  essentially  differs  from  the  known 
sulphocyanic  ethylether.  The  boiling-point  of  the  latter  is  N7°;  the  new 
substance  therefore  boils  13^  lower  than  the  old  one.  The  powerfully  irri- 
tatine:  odour  of  the  new  ether  is  absolutely  different  from  that  of  the 
ordniary  sidphocyanie  etlier,  which,  though  by  uo  means  agreeable,  exerts 
no  marked  action  eitiier  upon  nose  or  eyes. 

By  far  the  uiost  charactei  i^iir  feature  of  the  new  f  ()iii]i()iinf1,  however, 
is  the  facility  with  which  it  acts  ujion  auiinoiua  and  its  cli  i  i^  a'.ives.  Dis- 
solved in  alcoholic  ammonia  and  digested  for  a  few  hours  ai  UjiP,  the  ether 
is  converted  into  ethyUulphocarbamide  or  sHljjhuretted  ethyl-urea. 


(C.i.)}  N+H.N=(C.UJII 
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with  neUijImune  a  tmzed  urea  it  formed. 
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Ethylamine  produces  the  diethylated  compound  which  has  serred  in 
the  preparation  of  the  ether ;  aniline,  lastly,  ^tcs  rise  to  the  formation  of 
a  mixed  urea  of  the  fatty  and  aromatic  series, 
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All  thesf  diiitnines  arc  very  crystalline  ;  they  are  weak  bases  which 
dissolve  in  ncids,  aud  furnish,  with  perchloride  of  platinum,  yellow  crys- 
talline precijjitates. 

The  faculty  of  combiaing  wiih  the  ammonias,  it  will  be  rememUred,  h 
altogether  deficient  in  the  ordinary  sulplujcvanic  ethers.  On  tho  other 
hand,  it  btlungs  to  sulphocyauidc  of  nllyl,  or  inustard  oil.  In  fart  the 
new  coinpuunil  is  in  the  ctliyl-iseries  what  mustard  oil  is  in  the  allyl-serie». 
I  have  on  this  occasion  ai:;ain  perused  the  beautiful  memoir  of  IVofes- 
sor  Will  on  iuu^iard  oil,  the  indications  of  which  have  served  me  as  a 
guide  in  my  experiments.  So  far  as  these  experiments  go,  the  parallelism 
of  the  ethyl-  and  allyl-body  is  ootnpletc. 

For  the  present  I  must  be  aatisfied  to  have  indicated  the  forma^n  and 
the  principal  properties  of  the  new  compoand  isomeric  with  Bulphof^aude 
of  ethyl. 

In  a  sobsequent  paper  I  propose  to  communicate  to  the  Royal  Society 
the  results  of  a  comparatire  study  to  which  I  have  submitted  the  old  and 
the  new  snlphoc^auide,  together  with  the  conclusions  elicited  by  these 
researches  as  to  the  different  atomic  construction  of  the  two  substances. 

In  conelosion,  I  may  be  permitted  to  state  that  methylamine  and  amyU 
amine,  when  subjeeted  to  the  same  treatment^  have  Aimisbed  me  the 
analogous  mustard  terms,  of  the  methyl-  and  amyl-group ;  the  properties 
of  these  substances  I  have  not  yet  more  minutely  investigated. 

February  20, 1868. 

Dr.  WILLIAM  ALLEN  MILLER,  Treasurer  and  Vioe-Piesident, 

in  the  Chair. 

Mr.  Baldwin  Francis  Duppa  was  admitted  into  the  Society. 

The  following  communications  were  read 

I.  "  Sur  rOngine  de  I'tilectrotone  des  Nerfs.''    Par  M.  Ch.  Mat- 
TEVcci.   CommuDicated  by  Dr.  Bealb,  F.R.S. 

Depuis  mes  premiers  trav.iux  sur  la  fonction  electrique  dc  la  turjiilK , 
et  sur  Ic  courant  musculaire  dc  la  grenouille  ct  dts  animaux  a  sang  chaud, 
qui  dateot  depuis  1837,  et  que  la  Soci6tc  Koyale  voulut  quelque  temps  aprcs 
encourager  aveo  sa  plus  haute  distinction,  jc  u'ai  jamais  cessd  de  m*ac« 
quitter  de  la  dette  que  j*avais  alnsi  contract^  envers  cct  illustre  corps  sden> 
tiiique,  en  lui  communiquant  les  recherches  sucoessires  tent^  sur  les  mfimes 
sujets,  et  dont  Ic  but  constant  a  it6  de  d^montrer  les  analogies  qui  existent 
entre  dee  lois  physiques  et  chimtques  coDOues  et  les  ph^nombnes  ^ectro- 
physiologiques.   Tel  est  anssi  le  but  de  cette  communication. 

Un  fait  remarqiwble  d*dectro*phy8io1og;ie  est  la  propti^t^  dont  panni  les 
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tuini  ofguiqncf  paialt  piofqut  eKdiirifeiiient  dtrni  le  wrf,  d*Hn  jMuroonra 
en  dehors  des  Electrodes  d'une  pile  par  an  courant  continn  qni  dure  peQ^ 
dant  qne  le  eireuit  Wtaique  est  ferm^  dans  le  mdme  seni  de  eelnind. 
Pour  bien  ^ndler  lee  loif  de  ee  phdnomine,  il  fallait  lea  i eproduin^  comme 
je  ?ai  i*aiC»  outre  que  sur  les  nerfii  de  la  grenonUle^  but  eeuK  dee  Mimaux 
anp^rienn  et  i  sang  ehaud,  tels  que  lapin,  chiens,  poidet,  et  brebis.  G*eet 
avee  oet  nerfs  qu'on  voit  le  oourant  appeM  "der^ectrotone"  aoqu6ir  use 
plus  grande  intensity,  se  produire  k  une  plus  grande  distanee  des  pointe 
touches  paries  electrodes  de  la  pile,  et  avoir  lieu  encore  d*une  manicre  irhth 
sensible  lorsque  le  nerf  a  perdu  tout4-fait  ses  propriety  vitales*  De  rodme 
sur  ces  gros  nerfs  on  obtient  facilement  un  ph^nom^ne  tr^-important  pour 
la  tbeorie,  c*es(-&-dire,  la  persistence  du  courant  de  r^iectrotone  apr^s  qu*oa 
a  fait  cesser  le  courant  de  la  pile,  pourvu  que  ee  coufant  e4t  one  certaine  in^ 
tensite,  et  le  passage  edt  6t6  plus  prolong^. 

Des  phenomcnes  de  oette  nature  faisaient  d6ja  entrevoir  que  si  le  courant 
de  I'electrotone  est  ndcessairement  lie  i\  la  structure  du  uerf>  il  ne  Test  pas 
aveo  ses  propri^t^  vitales,  mais  qu*il  depend  plutot  de  qnelques  eifets, 
physiques  on  cliimiques,  produits  dans  les  nerfs  par  le  psssage  du  courant 
voltaTque. 

Jc  crois  en  cflfet  d'avoir  bien  dcmontre  que  ccs  effcts  sont  les  produits 
de  roloctrolysation  qui  se  rccueillent  sur  les  points  du  nerf  touclu's  par  lea 
elcetrodt  ^  de  In  pile,  ct  (k\s  courants  ou  polarit^s  secondaires  dcveioppcs par 
les  n'aetions  succcssivea  de  ces  proflnits. 

Je  dois  ici  njouter  d'avoir  n'lu  ti-  encore  tout  deruiorement  duns  i^es 
cours,  Tcxporieuce  Je  la  lijjature  et  de  la  section  du  nerf  pour  recomuutre 
rinfluence  de  ces  actious  snr  le  courant  de  I'electrotone.  Kn  operant 
sur  les  nerfs  sciatiques  du  iapiu  tt  du  poulet  on  acquiert  la  oertitudp 
qu'uu  courant  de  relectrotone,  cjui  donne  des  deviations  fixes  de  3Cf 
4  un  galvanomctre  de  24|0U0  tours,  dimiuue  h  13^  et  s'y  fixe  apr^s  la 
ligature. 

Sur  nn  autre  nerf  la  diminution  qui  se  produit  aprcs  la  section  l^isse 
Taiguille  devt(?e  h  H°. 

11  me  rcstalL  a  rcchcrcber  de  rejuoduire  le  courauL  de  I'electrotone  Bur 
des  fils  metalliquis  choi^ii  lL  place's  dans  les  conditions  Irs  }dns  JaMnablcs 
pour  le  dcveloppeineat  des  courauta  secondaires.  Dans  ce  but  j'ai  pris  deux 
fils  de  metal  tres-minces  de  platine  et  de  zinc,  et  ce  dernier,  je  Tai  amalfjame  : 
ces  deux  fils  ont  6t6  ensuite  enveloppcs  d'une  couche  de  fil  de  coton,  coucbe 
qui  a  ^4  ^lement  imbib^e  d*une  solution  nentre  de  sulphate  dc  zinc.  On 
salt  que  lea  polaritdi  secondaires  qui  ee  d^veloppent  trcs-fortes  et  trcs- 
rapidement  sur  le  fil  de  platine»  ne  se  d^Teloppent  pas  sur  le  zinc.  II  i^t 
facile  de  disposer  Tcxptfrience  de  T^lectroCone  de  mani^  k  opdrer  d'abord 
avec  nn  de  ces  fils  et  puis  avec  Tautre.  Le  r^ultat  de  cette  comparaison 
est  net  constant.  Avec  le  fil  de  platine  prej^ar^  oomme  je  Tai  dit,  on  a  le 
courant  de  T^leotrotone  tr^fort  ni£me  1  m^tre  de  distanoe  des^lBctrodes 
de  la  pile,  taiuKt  qu^uue  h  fil     nnc,  h  courant  th  VihHraimM  on  ae 


Digitized  by  Google 


260 


M.  Matteucci  on  Eketrotmm* 


Vobtient  jaasj  quelque  jietite  que  soii  la  distance  entre  la  pileetle  yalvano^ 
mhtre. 

II  est  done  bien  prouvc  que  Ics  polaritt's  secondaires  sont  Ics  causes  de 
ces  courants  de  Tclectrotone,  et  il  est  d'ailleurs  facile  de  s'as&urer  par  les 
papien  rlactif^  de  TexUtenoe  et  de  la  diffusion  trb-rapide  des  produiu  de 
IVkctrolyiation  attr  le  fil  de  platine  de  mani^  k  eipliquer  eee  ooiuants. 

II  est  done  logiqne  de  voir  entre  ces  courants  de  Tllectrotone  da  fil  de 
platine  et  eelui  dee  nerfsi  une  analogie  fondte  et  qui  s^aooorde  avec  lea 
causes  qui  d£traisent  cette  propri6t4S  dans  les  nerfs,  et  qui  sont  celles  qiu 
altirent  sa  structure,  telles  que  la  compression,  la  coagulatbn,  et  la  liga- 
ture. £t  ce  propos  je  puis  ajouter  que  la  ligature  et  la  section  sur  le  fil  de 
platine  pr6par^  comme  je  I'ai  dit»  agissent  dans  le  mdnie  sens  sur  le  con- 
rant  de  r^ectrotone  comme  sur  le  nerf ;  et  on  voit  manifestement  snr  le  fil 
de  platine  pr^r^  que  ralt^ration  oonsiste  prindpalement  dans  la  solution 
de  continuity  qn*on  cnSe  ainsi  dans  la  oouche  hnmide  extemeqiu  enveloppe 
ce  fil  metallique. 

Je  demande  la  permission  a  la  S.  R.  d'ajouter  encore  quelques  r6- 
sultats  d^une  recherche  qui  m^occupe  maintenanty  et  qui  est  teutee  dans  la 
mime  direction  que  mes  recherches  prdcddentes,  c'est-^-dire,  dans  le  but 
de  determiner  quels  sont  les  changements  chimiques  dans  les  nerfs  et  dans 
les  muscles  de  \%  grenouilie,  sourois  au  passage  contina  du  courant 
^lectrique. 

On  concoit  facilcmcnt  la  mnaierc  d'opdrcr  ;  c'cst  de  former  en  quelque 
sorte  (les  t'lf ctrorlpg  avcc  dcs  grenouillcs  pri'parce.s  rt  dont  les  extremittiS 
ploii^^tnt  d  1115  1  cau  de  puits  couteuue  dans  deux  cylindres  poreux  qui 
plong;t  nt  ^galcment  dans  le  incTne  liquidc.  On  fait  passer  le  cotiraut  de  8 
a  10  couples  de  Daniell  pendant  jjlusieurs  lieurcs  a  travcrs  ces  grenouillcs 
et  Teau,  et  puis  on  analyse  les  deux  liquides  des  porcelaines.  Un  resultat 
constant  est,  que  les  muscles  des  grenouilles  aiusi  electrolyses  donnent  une 
reaction  alcaline  beaiicoup  plus  intense  que  les  roemes  muscles  laisscs  a 
Vnir,  ct  les  muscles  qui  conimuniquent  au  j)olc  positif  aussi  bien  que  le  liquide 
ou  ces  muscles  plongent  sont  gen^ralemcnt  plus  charges  d'alcali  que  les 
muscles  et  le  liquide  du  pole  i.cgaiif. 

Un  auUe  fait  aussi  constant  et  remarquable  c'cst  la  grande  diiiVrtiice 
dans  la  quantity  d'albumine  qu*on  trouve  dissoute  dans  les  deux  liquides. 
Dans  cinq  experiences  faites  dans  des  droonstances  ^gales,  taudis  que  les 
liquides  plcogeaient  les  mnsdes  en  communieation  avee  le  p61e  positif, 
moutraient  Ik  peme  quelques  traces  d'albnmine ;  Tantre  liquide  dont  les 
grenouilles  communiquaient  avec  le  p6le  negatif,  conteudt  une  quantity 
abondante  d'albnmine*  Dans  d'autres  siries  d'explriences  qui  sont  It  peine 
commenclei^  j'ansljse  Fair  re8t6  en  contact  aiec  des  grenouilles,  les  unet 
ayant  les  nerfs  parcooms  par  le  courant  direct,  les  autres  les  nerfs  par« 
connis  par  le  courant  inverse*  Dsns  ces  cas  encore,  on  trouTc  des  dif* 
fiSrences  constantes,  et  qui  correspondent  &  ces  efitets  filcctro-physiologiques 
diffirents.  Je  me  suis  aussi  beaucoup  occup^  de  la  relation  qu'il  y  a  entre 
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le  pouvoir  electro-rooteur  des  muscles  ct  dcs  actes  chimiqaes  de  la  respira- 
tion  musculaire.  Cette  relation  est  mUe  hora  de  doate  par  des  exp^riencet 
rigoiircu?es  et  tres-vnrif'es, 

J'esp^re  pouvoir  plus  tard  communiqaer  4  la  lU  la  suite  de  cea 
trauaux* 

II.  "Oa  the  Resistance  of  the  Air  to  the  Motion  of  Elongated 
Projectiles  having  variously  fonned  Heads."  By  the  Rev.  F.  Bash* 
roRTB,  B.D.^  Professor  of  Applied  Mathematics  to  the  Advanced 
Class  of  Artillery  Officers^  Woolwich.  Commnnicated  by  Pro- 
fessor Stokxs,  Sec  B.S.  Beceived  January  90,  1868. 

(Abstract.) 

These  experiments  were  undertaken  with  a  view  to  detcrmiue  the  resist- 
ance of  the  air  to  some  forms  of  heads  of  elongated  shot  which  were  likely 
to  be  of  practical  use.  The  chronograph  used  was  the  one  described  in  the 
Proceedings  of  the  Boyal  Artillery  Institution  for  Aoguit  1866*>  which 
was  conttmcted  on  the  plan  of  the  Greenwich  instrument.  Ten  screens 
were  placed  in  a  line  at  intervab  of  150  feet,  the  first  being  75  feet  from 
the  gun.  The  following  were  the  forms  of  the  heads,  and  ten  shot  of  each 
kind  were  prepared : — 

(1)  Hemispherical   solid. 

(2)  Hemispheroidal  (axes  as  1:2)   solid. 

(3)  Ogiyal  (struck  with  a  radius  =  1  diameter)  . .  solid. 

(4)  Ogival  (struck  with  a  rsdius  ss  2  diameters) . .  solid. 

(5)  Ogival  (1  diameter)    hollow. 

(6)  Ogival  (2  diameters)   hollow. 

(3)  and  (5)  as  well  as  (4)  and  (G)  had  respectively  the  same  external 
forms,  but  Uie  solid  were  nearly  double  the  weight  of  the  hollow  shot  The 
gun  used  was  a  40-pounder  M.L.>  and  the  diameter  of  the  shot  was  4*7 
inches. 

It  was  found,  as  in  the  trial  experiments  of  1865,  that,if  a  be  the  space 
described  in  time  t  after  pasring  the  first  screen^  then,  approximately« 

from  which  it  loUows  that,  if  v  be  the  velocity  at  time  /, 

1 

a +26/ 

and  the  retarding  force 

If  V  denote  the  velocity  when  8=0,  then 


*  Pabliibed  lepsiatelyby  Dell  andDildy,  1866, 
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ADd  1 

v=  . 

All  the  hoUow  tliot  were  fired,  giving  dgEteen  out  of  twenty  fcttceeseful 
shots.  Only  a  part  of  the  solid  shot  prepared  were  fired ;  and  they  did  not 
give  nearly  such  good  results  ns  the  hollow  shot,  probably  in  consequence 
of  the  superior  angular  velocity  of  the  hollow  shot — because,  as  a  5-lb. 
charge  was  used  throughout,  the  lighter  shot  had  a  higher  initial  velocityt 
and  consequently  a  higher  corresponding  angular  velocity. 

Tables  are  given  sliowing  for  every  round: — (I)  the  experimental deter- 
iniuation  of  the  time  of  passing  each  screen,  supposing  the  first  screen  to  be 
passed  wlien  /=() ;  (2)  the  velocities  at  the  middle  points  between  sue* 
cessivc  screens  ;  (3)  the  weights  of  tlie  f^hot ;  and  (1)  the  numerical  values 
oibl^,  where  /=  150  feet,  the  distnnce  bitween  the  screens.  And  asmming 
that,  for  a  given  form  of  licad,  the  resistance  of  the  air  varies  ns  the 
square  of  the  diameter,  the  mean  vnlues  of  26  have  been  ndo])ted  for  shot 
weighmg  W  lbs.,  and  having  n  diameter  of  d  inches,  or  2J{  feet. 

Wheu  II  body  is  moAiiig  in  a  straight  line  under  the  action  of  a  force 
which  varies  ns  tlie  cube  of  ilie  velocitv,  it  appears  tliat  the  nctnnl  velocity 

at  the  middle  of  nnv  si)ace  2.?'  i<?  such  that,  if  another  body  moved  over 
the  same  space  2a'  with  a  \iuij'':rin  \  (  1  ( ity  v\  it  would  describe  it  iu  the 
same  time  as  the  fir^l-naiucd  bod  v.    I  or  tiie  time  t  would 


uniform  Yelocity 


the  actual  velocity  at  the  distance 

M.  II61ic,  in  his  *Traite  de  Balisti(inc'  (1865),  adopted,  for  elongated 
projectiles,  a  law  for  the  resistance  of  the  air  which  varied  as  the  velocity 
cubed.  The  law  was  deduced  from  some  experiments  made  at  Gftvr^  when 
h  great  number  of  velocities  (p',  r")of  shot  fired  with  various  charges  were 
measured  at  two  points  «  metres  apart.   The  mean  values  of    and  e" 

were  taken  and  substituted  in  the  formula  —rr-r-  \  <uid  it  was  found  that 

this  was  approximately  constant,  and  conseqnently  that  the  resistance  varied 
as  the  (velocity)"^.  The  French  measures  and  weights  have  been  converted 
into  English  measures  for  M.  Ilclie's  ht-^i  experiment,  in  order  to  facilitate 
comparisons  with  my  own  experiments.  The  contents  of  IleUc's  work 
were  quite  unknt)wn  to  me  for  several  months  after  my  report  on  the  above 
ex]>crimcnts  had  been  j;iven  iu.  For  an  o^ival-hcadcd  shot  struck  with  a 
radiua  ol  two  diameters  M.  Ilelie's  value  of  2b  is 

2d»  0000a6^  »  000000062 
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vhUe  my  experitnenti  fvt  the  aame  form  of  head,  but  with  nueh  bifthtr 
Teioatiei^  gi?e 

25e*000060  ~  =  0000001 04  ^. 

W  W 

There  is  reason  to  expect  that  my  value  of  6  will  tvqoiM  a  amaU  rtduatioii 

for  the  low  velocities  used  in  M,  H^Iie's  experimenta  |  but  it  ia  tztremely 

improbable  that  it  can  be  reduced  to  M.  H^He's  value.    It  will  Chua  appear 

that  M.  Hclie  and  I  ngrce  in  /itlopting  a  law  of  the  resistance  of  the  air, 

but  that  we  have  followed  (|uite independent  metboda  in  experimenting^  and 

have  arrived  at  different  numerical  leaolta. 

February  27^  1668. 
Lieut-General  SABlNEj  Preaident,  in  the  Chair. 

The  foUowiiig  commuuications  were  read  : — 

1.  "  On  the  Besistance  of  the  Air  to  Rifled  Projectilca/'  By  J.  A. 
LoNOBiDOE^  C.£.  CommmiicatedbyC.MANBT^liaq.  Beaeired 
Eebraaiy  18, 1868. 

(Abstract.) 

The  introduction  of  elongated  rifled  projectiles  having  rendered  it  uecea- 
sary  to  reconsider  thelawa  of  resistance  which  had  been  deduced  by  Robins, 
Uutton,  and  more  recent  anthora.  auch  an  inveat^gation  ia  the  object  of 

this  paper. 

It  ia  first  shown  that  Hutton'a  law, 

if  applied  to  the  resulta  obtamed  hj  the  Special  Armatrong  and  HHiitworth 
Committee,  1866,  leada  to  the  following  equation, 

*-lC201og,Jl=^i, 
*"\e- 1015-4  J* 

where  Y  ia  the  initial  velocity, 

a  the  residual  velocity  at  the  distance  x  from  tlie  gun. 
In  hke  manner  it  ia  shown  that  the  law  adopted  by  Piobcrt, 

R=Ao=^+Bi;', 

leads  to  tl)e  equation 

and  the  Jaw 
to  the  equation 
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These  equations  all  fail  bj  x  becoming  infinite  when  0^1015,  994*  and 

979  respectively. 

It  is,  however,  observed  that,  in  the  assumption  of  the  law  of  the  resist- 
ance, the  higher  the  power  of  velocity  the  longer  does  the  corresponding 
equation  give  rational  results :  and  by  assaming  Baas'  with  the  same  data, 
the  following  equation  was  obtained, 


  -»J". 


which  gives  consistent  results  for  all  values  of  v. 

The  Talue  of  p  here  is  8*747^  which  would  give  the  resistanee  varying 
neatly  as  the  niiith  power  of  the  Tekwity. 

This  Ksnlt  led  the  author  of  the  paper  (o  doubt  the  accuracy  of  the 
experiments,  aod  to  seek  for  further  and  more  correct  data,  which  were 
obtained  from  a  minute  (No.  23,35 1)  of  the  Ordnance  Select  Committer 
dated  21st  September  1867,  containing  the  results  of  experiments  show- 
ing the  loss  of  velocity  of  two  ])rojectiIes,  one  of  8*818  lbs.»  and  the  other 
of  251  lbs.,  in  passing  through  certain  given  distances  with  given,  initial 
velocities,  varying  from  about  1500  feet  to  600  feet  per  second. 

From  these  results  a  diagram  was  constructed,  and  for  each  projectile  an 
equation  was  found  which  agreed  tolerably  well  with  the  experimental 
resnlts. 

The  form  of  the  equation  assumed  was 

(T  +  a)t;-=C; 

and  the  resulting  equation  was  for  the  small  shot 

(jr+665)v^*Blog~^  10*1473853, 

and  for  the  laige  shot 

(j'+2032>r'=log"^  12-6696158, 
the  maximum  error  being  about  1  ]  per  cent,  of  the  velocity. 

Introducing  into  tlicse  equations  the  diameter  and  weight  of  the  re- 
spective projectiles,  and  taking  the  index  11  =  2*5,  the  values  of  C  were 
found  to  be, 

small  shot,      C«log-i  107295585  ^ 

-1  w 


the  mean  being  C«i1og-*^  10*7375745  ^» 


latge  shot,       G«log~^  10*7454405 

-lof-^ 

and  the  resulting  general  equation 

/,^log-M07375745.W\  tP.v''  , 

\  "^""^  )  10'7375745. 

The  maxunum  error  in  velocity,  as  calculated  by  this  formuhi,  was  for  the 
small  shot  1|  per  cent.,  and  for  the  large  shot  2i  per  cent. 
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From  the  Abo?f  equitioa  the  ranfttaoee  per  fqaan  inch  of  Motionai  area 
is  found, 

log-^  130154756' 

from  which  the  following  Table  is  constructed,  the  third  column  showing 
the  reeistance,  as  calculated  by  Uuiton's  formula: — 

Table  o/Bemianeei  to  a  BiJIed  PrqfeetUe, 


Velocity, 

feet  per 
iiecuiid. 

Bmietance,  in 
!b«  .per  square 
iiicb. 

HuttOTI, 

p.  218. 

Velocity, 

feet  pf'r 
Mcouti. 

Resistance,  in 
lbs., per  square 
inch. 

Ilutton, 
11.218. 

1500 

18-89 

18-94 

700 

0-613 

3.12 

1400 

1387 

16-23 

600 

0-306 

2-20 

1300 

9-94 

13-67 

500 

0-135 

1-49 

1200 

6-92 

11-29 

4(10 

0-0194 

0-93 

1100 

3  722 

914 

300 

001354 

0-52 

laoo 

3*052 

724 

200 

0*00218 

0*23 

900 

1-900 

5*01 

100 

0*0000905 

0*556 

800 

M18 

4*24 

It  is  next  shown  that  the  hypothesis  of  the  great  increase  of  resistanoe 

at  velocities  exceeding  1100  feet  per  second  being  due  to  thcTacuum 
behind  the  projectile  is  untenable,  because  the  actual  resistanoe  al  1300  feet 
per  second  is  only  9*94  lbs.  per  square  inch,  whilst,  according  to  that 
hypothesis,  the  back  resistanee  ahme  would  be  15  lbs.  per  square  inch. 

It  is  suggested  that  the  true  reasou  of  the  great  increase  of  resistance 
may  be  found  in  the  fact  that  a  waTC-impulse  cannot  be  propagated  at  a 
greater  velocity  than  1100  feet  per  second,  and  that  consequently  a  great 
Amdensation  of  air  must  take  place  in  front  of  the  projectile  at  all  velo- 
cities OJEseeding  this,  and  the  resisting  force  of  such  condensed  air  will  in- 
crease  at  a  greater  rate  than  indicated  by  Manottc's  law,  owing  to  the 
evolution  of  beat  due  to  the  condensation. 

A  comparison  is  then  instituted  between  the  resistances  as  ascertained  by 
the  above  law  and  those  given  by  Hutton's  formula. 

It  is  stated  th.it  in  experiments  made  on  May  ITth,  1867,  the  small 
shot  weigbini;  H-H  moving  with  a  mean  velocity  of  966  feet  per  second, 
lost  r»8}  fit  t  of  vt  locity  in  a  distant  !'  of  liOO  feet. 

The  time  of  flight  being  '96  of  a  second,  the  resisting  force  must  have 
been  nearly  twice  the  weight  of  the  shot,  or  more  accurately  17*2  lbs. 

Now,  according  to  the  formula  given  in  this  paper,  the  rpsi>tance  is 
found  to  be  17*75  lbs.,  whilst  Button's  formula  gives  a  resistance  of 
46^  lbs. 

Having  thus  obtained  a  law  which  gives,  with  considerable  accuracy,  the 
residual  velocity  at  any  point  of  the  flight,  the  corresponding  equation  to 
the  trajectory  is  deduced  for  low  degrees  of  elevation  when  the  length  of 
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the  arc  differs  very  sligbtlj  from  the  horizontal  diitance,  or  dttadx  nearij ; 
and  the  following  is  the  rerolting  equation : — 

2Fn)  -  •  +• "  -zohkT)  (•+•>  •  }• 

where  Aib^.        and  e  and  a  are  the  eonstantSi  and  » the  index  in  the 
»  »+2 

C- 

general  equation 

(ar+a)r*»C. 

Examples  of  the  application  of  this  are  given,  showing  the  calculated  ele- 

vation  for  the  12-pouncler  muzzle-loading  Armstrong  gun  for  ranges  of 
2855  yards  and  4719  yards,  the  gun  being  17  feet  above  the  planes. 
The  calculated  elevations  were  6^  56'  and  14^  6'»  the  actual  elevationB 

being  7^  and  15°  respectively. 

It  is  not  intended  to  claim  inorc  tlinn  npproximnte  accuracy  for  the 
formultn  in  this  pnjier.  The  lu  rul  lurnuiia  has  been  shown  to  be 
derived  by  taking  mean  values  ot  n  an  d  c,  wh«  reas  the  actual  results  would 
indicate  tl)flt  tlie  value  of  n  increases  with  the  diameter  of  the  projectile ; 
and  it  is  shown  lu  a  note  that  the  values  of  it  which  agree  best  wUh  expe- 
riment are, 

for  the  small  shot  ns  2*4, 
for  the  large  shot  iisb4» 
corresponding  to  the  following  reststanoesj 

small  shot  Esv***, 

large  shot  Rsv*. 

Whether  in  reality  the  index  does  increase  with  the  diameter  of  the  shot 
roust  be  left  to  be  determined  by  more  extended  experiments ;  meantime 
it  may  be  assumed  that  the  general  formula  in  this  paper  represents  with 
tolerable  accuracy  the  law  of  resistance  and  the  loss  of  velocity  of  pro- 
jectiles varying  from  8-8  lbs.  to  251  lbs.  in  weight*  from  3  inches  to 
9  inches  in  diameter,  and  from  1500  to  600  feet  per  second  in  Telocitj« 

II.  ''On  the  Theory  of  Probability^  applied  to  Kandom  Straight 
Lines/'    By  M.  W.  CboftoKi  of  the  Royal  MiUtazy 

Academy,  Woolwich,  late  Fkofessor  of  Natatal  Philosophy  in  th^ 
Queen's  University,  Ireland.  CSommunicated  by  Ptof.  Sylvxstkb. 
Beceived  February  5, 1868. 

(Abstract.) 

This  paper  relates  to  the  Theory  of  Local  Probability— that  is,  the  appli- 
cation of  Probability  to  geometrical  magnitude.  This  inquiry  seems  to 
have  been  originated  by  the  great  naturalist  BufToii,  in  a  celebrated  pro- 
blem proposed  and  solved  by  him.  Though  the  subject  has  been  more 
than  once  touched  upon  by  Laplace,  yet  the  remarkable  depth  and  beauty 
of  this  new  Calculus  seem  to  have  been  little  suspected  till  within  the  last 
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few  years,  when  the  attention  of  several  English  mathematicians  has  been 
directed  to  it,  and  results  ot  a  most  singular  character  have  been  obtained. 

The  problems  on  Local  Probability  which  have  been  hitherto  treated 
relate  almost  ezdoaiTely  to  points  taken  at  random.  The  object  of  the 
present  paper  li  to  ihow  how  the  Theory  of  Ptobabilify  la  to  be  applied  to 
straight  lines  whose  poaition  la^nnhnown,  or,  in  other  wordi^  which  are 
taken  at  random* 

The  author  commences  by  ahowing  that  when  a  straight  Une  ia  drawn  at 
random  in  an  indefinite  phme,  or,  in  other  worda,  when  we  take  one  out  of 
an  infinite  aaaemhlage  of  Mnea  dl  drawn  at  random  in  the  pkno,  the  true 
mathematical  conception  of  this  asaembh^  ia  aa  fdlowa : — 

OonceiTe  the  phine  ruled  with  an  infinity  of  parallela  at  a  oonatant  in- 
finitesimal distance  (^)  asunder ;  then  imagine  this  system  of  paralleJa 
turned  through  an  infinitesimal  angle  (20)  ;  then  through  a  second  equal 
angle,  and  so  on,  till  the  parallels  return  to  their  original  direction  ;  the 
plane  will  thna  be  oorered  with  an  infinite  number  of  ayatema  of  parallels, 
running  in  every  possible  direction. 

If  an  infinite  plane  be  cOTCred  in  this  manner  with  straight  lines,  and  we 
draw  any  closed  convex  contour  on  the  plane,  and  then  imagine  all  the  lines 
effaced  from  the  plane,  except  those  which  meet  this  contour,  we  shall  have 
a  clear  conception  of  the  system  of  random  lines  which  meet  the  given 
contour. 

By  applying  mathematical  calculation  to  this  system,  the  tbilowiog  im« 
portant  principle  is  proved  : — 

meftfure  of  the  number  of  random  lines  which  meet  a  given  closed 
convex  contour  I'.j  L,  the  length,  of  the  contour. 

If  the  contour  be  non-convex,  or  be  not  closed,  the  measure  will  be  ths 
tsngfh  'fan  endless  stn/ui  pnssi'ni  round  it  and  tightly  envelop  uiy  it. 

lleuce,  given  any  closed  convex  contour  uf  length  L,  and  any  other  of 
length  /,  lying  wholly  within  the  former,  the  probability  that  a  line  drawu 
at  random  to  meet  L  shall  also  meet  /,  is 

The  following  propositions  are  then  eatahlished : — 

If  the  contour  I  lie  wholly  outside  L,  then,  if  X  be  the  length  of  an  end- 
less band  tightly  euTeloping  the  two  contours  and  crossing  between  them, 
and  T  the  length  of  another  endless  band  also  enveloping  both,  but  not 
crosring  between  them,  the  probability  that  a  random  line  meeting  L  shall 
also  meet  is 

X^Y 

Agam,  if  the  contour  I  should  intersect  L  (whether  in  two  or  more 
points),  then,  if  Y  be  an  endless  band  tightly  enveloping  both, 

 L+^-Y 
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A  closed  convex  bound  an'  of  any  form,  of  length  L,  cnclo?f-9  an  aroa 
a  :  if  two  random  straight  lines  iotersect  it,  the  probabihtjr  of  their  inter* 
aectiou  \ym%  irithio  it  if 

^  27ra 

'"-IF- 

The  probability  of  their  iatersection  Ijring  within  anjg;iveQ  area«  which 
is  enclosed  within  is 

A  more  diilicult  question  would  be  to  determine  the  probability  in  the 
case  where  w  is  external  to  fl. 

These  fundamental  results,  it  will  be  obserred,  are  of  great  grenerality. 
The  author  proceeds  to  apply  them  to  the  soluliuti  of  various  problems  re- 
lating to  random  straij»ht  lines ;  in  fact  any  such  problem  of  probability 
may  be  reduced  by  the  principles  above  laid  down  to  a  question  of  pure 
mathematical  calcuialion. 

Vhat  will  probably  be  considered  among  the  most  curious  results  con- 
tained in  this  paper  are  the  collateral  applications  of  the  theory  to  the 
integral  calculus.  Several  integrals  of  a  singular  choracter  are  obtained, 
some  of  which  it  seems  very  difficult  to  prove  by  any  known  method.  One 
or  two  of  these  tre  inbjoined,  with  indicatioiM  of  the  methods  used  fai 
establishing  tbeb  truth. 

If  K  given  convei  boundary  be  tnterseeted  by  a  system  of  randoni  tines, 
•B  aboTe  described,  every  pair  of  lines  wQl  meet  in  a  pmnt ;  and  these 
points  of  interseetion  will  be  scattered  all  over  the  plane,  some  within  the 
boundary,  some  without.  Those  within  will  evidently  be  distributed  with 
nmform  density  over  the  area ;  but  it  beoomea  a  question  for  those  outside^ 
to  determine  the  law  according  to  which  their  density  varies ;  and  it  la 
proved  in  this  paper  that  lAe  deimty  of  the  iniir^eeiuma  of  «  o^oUm  of 
toodam  Une$  tromo§  a  gwen  area,  for  omy  wttmolpomt  P,  it  jMtgMr- 
HomI  io  0— nn  I,  where  B  it  the  opporeni  onyulor  wmgmhtie  of  the  oroa 
frooi  P. 

Hence  the  number  of  external  intersections  is  represented  by 

//*(ff-sine)rfS; 

now  the  number  of  internal  will  be  irQ»  and  the  whole  number  ^L'. 
Hence 

Jfi\  he  any  plaiif  area,  enrfo.u'd  by  a  convex  boundary  of  ienglhh,  and 
6  the  angle  which  it  mhtends  at  any  external  point  («,  y),  then 

JJ  (d-sin  6)  dtdy^iV—wQ, 

the  integral  exteniinp  oeer  the  whole  eMtenud  eurfaee  of  the  yllant^» 
By  conceiving  an  infinite  system  of  random  lines  covering  an  infinite 

*  ThiH  Uteorcni  ii  as  appeared  in  (bo  ^  OMBpt«g  fiendus '  of  \he  French  Acodem/of 
Sciences  (Dec.  1867). 
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plane,  and  a  second  syttem^  all  of  which  meet  a  given  bonndaiy  in  that 
plane,  and  then  fixing  our  attention  on  the  uteneetioos  of  the  fonner 
system  with  the  latter,  we  find  the  density  here  proportional  to  0 ;  and  the 
following  theorem  ia  deduced  from  thia  conaideration : — 

Given  any  convex  boundary  (wAoM  ^jtpareiU  magnitude  it  tailed  $),  lei 
there  be  an  external  boundary  noTounding  it,  suck  thai  4my  Umgtmi  U 
ike  inner  eutt  ^a  conttatU  area/rom  the  mUtr,  then 

ff  Bdxdy^if\>, 

the  integral  extend  my  over  the  xchoh  annulus  between  them,  D  being  the 
diference  of  the  areas  of  the  ^arts  into  which  the  annulut  it  divided  by 

any  tangent  to  the  inner. 

For  instance,  we  may  take  two  similar  concentric  ellipses.  If  both  the 
inner  and  outer  boundaries  are  of  any  convex  forms  whatever,  the  above 
expression  is  still  true,  provided  B  mean  thf  average  value  of  the  difference 
of  areas  as  the  taniji'ut  revolver  by  uniform  angular  displacements. 

If  we  consider  a  plane  covered  with  random  lines,  and  then  divide  tliem 
into  two  systems,  one  crossing  a  given  boundary,  the  otiier  all  outside  it, 
the  density  of  the  points  in  which  the  former  system  cut  the  latter  will  be 
proportional  to  sin  0  i  and  thi^  lea  ls  to  the  next  theorem. 

If  an  endless  string  {of  lengik  Y)  be  passed  round  a  given  convex 
ktumdary  (of  length  L),  and  the  string  be  kept  stretched  bg  the  point  of  a 
peneHf  wkitk  thus  tracet  out  an  external  boundary,  then  if  Q  be  the  appa- 
rent  magnttude  of  the  given  boundary  at  any  point  {^ty),  we  shall  have 

sia  edxdy^L  (Y-L), 

the  integral  extending  over  the  annular  space  between  the  boundarici. 

A  remarkable  instance  of  thia  ia  an  ellipse,  the  outer  curve  being,  aa  is 
well  known,  a  eonfocal  ellipse. 

Some  other  applications  of  the  theory  to  integration  are  then  given.  It 
18  important  to  notice  that  these  applications,  though  having  arisen  from 
researches  on  probability,  rest  on  a  basis  wholly  independent  of  that  theory. 
The  apparatus  of  equidistant  parallela  revolving  by  infinitesimal  angular 
displacements,  which  has  been  here  emf)1nyed,  ia  a  purely  geometrical 
conception  ;  and  the  proofs  of  these  integrals  can  be  presented  in  a  strict 
mathematical  form.  A  reticulation  composed  of  two  systems  of  parallels 
crossing  at  a  tiuitc  angle  has  already  been  employed  by  Cauchy,  Liouville, 
and  Eisenstem  as  a  method  in  the  theory  of  numbers  and  elliptic  functions. 
Tiie  reticulation  used  above  is  n  more  delicate  and  complicated  one,  con- 
8isli))g,  not  of  two,  but  of  an  iiitinitr  number  of  systems  of  jmrnllels. 

There  remains  a  more  ditiicult  but  deeply  interesting  ini[uiiy,  scarcely 
touched  upon  in  this  paper — namely,  the  extension  of  the  above  results  tq 
the  cases  of  straight  hnes,  and  of  planes,  taken  at  random  in  space. 
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The  following  communications  were  read 

I.    Oil  Governors."    By  J.  Clerk  Maxwji^ll,  M.A.,F.B.SS.L.  &E. 

Received  1  cb.  20, 1868. 

A  G  OTernor  is  a  part  of  a  machine  by  means  of  which  the  velocity  of  the 
machine  is  kept  nearly  uniform,  notwithstanding  variations  in  the  driving- 
power  or  the  reristance. 
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Most  governora  depend  on  the  oentiifiigel  feroe  of  a  pieee  eonneeted 
with  a  shaft  of  the  machme.  "Wheii  the  velocity  inereaaea,  thia  force  In* 
oreaiei,  aud  either  inereasea  the  pressure  of  the  piece  againat  a  larfboe  or 
inoTes  the  piece,  and  so  acts  on  a  break  or  a  valre. 

In  one  class  of  reguUtora  of  machinery,  which  we  may  call  moderators  \ 
the  resiatanoe  is  increased  by  a  quantity  depending  on  the  velocity.  Thua 
m  some  pieces  of  clockwork  the  moderator  consists  of  a  conical  pendulum 
lerolTing  within  a  drcular  case.  When  the  velocity  increases,  the  ball  of 
the  pendnlum  presses  againgt  the  inaide  of  the  eaae^  and  the  friction  ehecka 
the  increase  of  Telocity. 

In  Watt's  governor  for  steam-engines  the  arms  open  OUtwarda^  and  BO 
contract  the  aperture  of  the  steam-valve. 

In  a  water-break  invented  by  Professor  J.  Thomson,  when  the  velocity 
is  increased,  water  is  centrifugally  pumped  up,  and  overflows  with  a  great 
velocity,  and  the  work  is  spent  in  lifting  aud  commnuicAtiug  thia  velocity 
to  the  water. 

In  nl!  fbesc  contrivances  an  increase  of  driving-iiower  pvndure.s  an  iTu  reasc 
of  velocity,  tlion^h  a  much  smaller  im^rease  than  would  be  produced  with- 
out the  moderator. 

But  if  the  part  acted  on  by  centrifugal  force,  instead  of  acting  directly 
on  the  machine,  sets  in  rfiotioii  a  contrivance  which  continually  increases 
the  resistance  as  1  ii  i:  ihc  velocity  is  above  its  normal  value,  and  reverses 
its  action  when  the  velocity  is  below  that  value,  the  governor  w'lW  Ijring 
the  velocity  to  tlic  same  normal  value  whatever  variation  (  within  the 
woi  king  liuuu  of  the  machine)  be  made  in  the  driving-power  or  the  re- 
sistance. 

I  propose  at  present,  without  entering  into  any  details  of  Tru  clianiiiiu,  to 
direct  tlie  attention  of  engiueers  and  mathematicians  to  tiic  dynamical 
theory  of  ^luh  governors. 

It  will  be  seen  that  the  motion  of  a  machine  with  ita  governor  consists 
ill  general  of  a  nnifomi  Uiution,  combined  with  a  disturbance  which  may 
be  expressed  as  the  sum  of  several  component  motions.  Tlieae  components 
may  be  of  four  different  kinds  :— 

1 .  The  disturbance  may  continually  increase. 

2.  It  may  contiiuially  diminish. 

[\.  It  may  be  an  oscillation  of  continually  increasing  amplitude. 

1.  It  may  he  an  oscillation  of  continually  dccreasihg  amplitude. 

The  first  and  third  cast  s  arc  evidently  inconsistent  with  the  stability  of 
the  motion  ;  and  the  second  and  fourth  alone  are  admissible  in  a  good  go- 
vernor. This  coiKlition  is  n^itlu  nintically  equivalent  to  the  condition  that 
all  the  possil)le  mots,  and  all  the  possible  parts  of  the  impossible  roots,  of 
a  certain  equation  shall  be  negative. 

I  have  not  been  able  completely  to  determine  these  conditiona  for  eqna- 

«  See  Mr.  C.  W.  Siemens  "  On  Uniform  Rotation,"  PhU.  Tzans.  18CC.  p.  G&7. 
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tioiis  of  a  higher  degree  thnn  the  thh  J ;  but  I  hope  that  the  subject  will 
obtain  the  attentiou  of  inatheinaticiaus. 

The  actual  motions  corrcspoiuling  to  these  impossible  roots  are  not  ge- 
nernlly  taken  notice  of  by  the  iiu  caters  of  such  machines,  who  naturally 
conliue  tlicir  attention  to  the  way  in  which  it  is  designed  to  act ;  auJ  this 
is  generally  expressed  hy  the  real  root  of  the  equation.  If,  by  altering  the 
adjustmeuta  of  liie  machiue,  its  governing  power  is  continually  increased, 
there  is  generally  a  limit  at  which  the  diaturbance,  instead  of  subsiding 
more  rapidly,  becomes  an  osciUating  and  jerking  motbn*  inereadag  in  vio- 
lence till  it  reaches  the  Hmit  of  action  of  the  governor.  This  takes  place 
when  the  posuble  part  of  one  of  the  impossible  roots  becomes  positive. 
The  mathematical  investigation  of  the  motion  may  be  rendered  practicallj 
useful  bj  pointing  out  the  remedy  for  these  disturbanees. 

This  has  been  actually  done  in  the  case  of  a  governor  eonstroctedhj  Mr. 
Fleeming  Jenkin,  with  adjustments,  by  which  the  regulating  power  of  tho 
governor  could  be  altered.  By  altering  these  adjustments  the  ifgulatioii 
could  be  made  more  and  more  rapid,  till  at  last  a  dancing  motion  of  the 
governor,  accompanied  irith  a  jerking  motion  of  the  main  shaft,  showed 
that  an  alteration  had  taken  place  among  the  impossible  roots  of  the 
equation. 

I  shall  consider  three  kinds  of  governors,  corresponding  to  the  three 
kinds  of  moderators  already  referred  to. 

In  the  first  kind,  the  centrifugal  piece  has  a  constant  distance  from  the 
axis  of  motion,  but  its  pressure  on  n  surface  on  which  it  rubs  varies  when 
the  velocity  varies.  lu  the  moderator  this  friction  is  itself  the  retarding 
force.  In  the  governor  this  surface  is  made  moveable  about  the  axis,  and 
the  friction  tends  to  move  it ;  and  this  motion  is  made  to  act  on  a  break 
to  retard  the  machine.  A  constant  force  acts  on  the  moveal)lc  wlu  e!  ia 
the  opposite  direction  to  that  of  tde  friction,  which  takes  the  break 
when  the  friction  is  less  than  a  given  quantity. 

Mr.  Jenkin's  governor  is  on  this  j)rinrijile.  It  has  the  advantage  that 
the  centrifugal  piece  does  not  change  its  position,  and  that  its  pressure  is 
always  the  same  function  of  the  velocity.  It  has  the  disavlvaulagc  that  the 
normal  velocity  depiuJ.s  iit  bume  degree  on  the  coiilicient  of  sliding  irlc  tioii 
between  two  surfaces  which  cannot  he  kept  always  in  the  same  condition. 

In  the  second  kuul  uf  governor,  the  centrifugal  piece  is  free  to  move  fur- 
ther from  the  &xis,  buL  is  restrained  by  a  ibrce  the  intensiLy  of  which  varies 
with  the  position  of  the  centrifugal  piece  in  such  a  way  that,  if  the  velocity 
of  rotation  has  the  normal  value,  the  centrifugal  piece  will  be  in  equilibrium 
In  every  position.  If  the  velocity  is  greater  or  less  than  the  normal  velo- 
dty,  the  centrifugal  piece  will  fly  out  or  fall  in  without  any  Umit  except 
the  limits  of  motion  of  the  piece.  But  a  break  is  arranged  so  that  it  la 
made  more  or  less  powerful  according  to  the  distance  of  the  centrifugal 
piece  from  the  azi^  and  thus  the  oscillations  of  the  centrifugal  piece  are 
restrained  within  narrow  limits. 
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Governors  have  been  constructed  on  this  ])rinci[)lc  by  ^Ir  W.  Thomson 
and  by  M.  Foiu  ault.  In  the  first,  the  force  restraiiiinL;  the  centrifugal  piece 
18  that  of  a  spring  acting  between  a  point  of  the  centrifugal  piece  ftud  a 
fixed  point  at  a  considerable  distance,  and  the  break  is  a  frictioo-break 
worked  by  the  reaction  of  the  spring  on  tlie  fixed  point. 

In  M.  Foucault's  arrangement,  the  force  acting  on  the  centrifugal  piece 
is  the  weight  of  the  balls  acting  downward,  and  an  upward  force  produced 
by  weights  acting  on  a  combination  of  levers  and  tending  to  raise  the  balls. 
The  resultant  vertical  force  on  the  balls  is  projiortional  to  their  depth  be- 
low the  centre  of  motion,  which  ensures  a  constant  normal  velocity. 
The  break  is  :— in  the  first  place,  iLi'  \aiiable  friction  between  the  com- 
bination of  levers  and  the  ring  on  the  shaft  on  which  the  force  is  made 
to  act;  and,  iu  the  second  place,  a  centrifugal  air-fan  through  which 
nKHre  or  lest  air  if  allowed  to  pass,  according  to  the  position  of  the 
lerera.  Both  then  caoaes  tend  to  regulate  the  velocity  according  to  the 
aamelaw. 

The  goremors  designed  by  the  Astronomer  Koyal  on  Mr.  Siemens's  prin- 
ciple fbr  the  chronograph  and  eqnatorial  of  Greenwich  Obserratory  de- 
pend on  nearly  similar  conditions.  The  centrifugal  jiiece  is  here  a  long 
conical  pendulum,  not  far  removed  from  the  vertical,  and  it  is  prevented 
from  deviating  much  from  a  fixed  angle  by  the  driving-force  bebg  rendered 
nearly  constant  by  means  of  a  differential  system.  The  break  of  the  pen- 
dulum consists  of  a  fan  which  dips  into  a  liquid  more  or  less,  according  to 
the  angle  of  the  pendolnm  with  ihe  vertical.  The  hreak  of  the  principal 
shaft  is  worked  by  the  differential  apparatus ;  and  the  smoothness  of  motion 
of  the  principal  shaft  is  ensured  by  connecting  it  with  a  fly-wheel. 

In  the  third  kind  of  governor  a  liquid  is  pumped  up  and  thrown  ont  over 
the  sides  of  a  revolving  cup.  In  the  governor  on  this  principle,  described  by 
Mr.  C.  W.  Siemens,  the  cup  is  connected  with  its  axis  by  a  screw  and  a 
spring,  in  snch  a  way  that  if  the  axis  gets  ahead  of  the  cup  the  cup  is 
lowered  and  more  liquid  is  pumped  up.  If  this  adjustment  can  be  made 
perfect,  the  normal  velocity  of  the  cup  will  remain  the  same  through  a 
COiT'idcrable  range  of  driving-power. 

It  r\j>pe;irs  from  the  investiii^atioas  that  the  oscillations  in  tin  motion 
must  be  checked  by  ?onu'  force  resisting  the  niution  of  oscillation.  This 
may  be  done  in  some  ca^cs  by  connecting  the  oscillating  body  with  a  body 
hanging  in  a  viscous  liquid,  so  that  the  oscillations  cause  the  body  to  rise 
and  fall  in  the  liquid. 

To  check  the  variat  ions  of  motion  in  a  revolving  shaft,  a  vessel  filled  with 
viscous  liquid  may  be  attached  to  the  shaft.  It  will  have  no  eflfect  on  uni- 
form rotation,  but  will  check  periodic  alterations  of  sjjeeJ. 

Similar  effects  are  produced  bv  the  viscosity  of  the  lubricating  matter 
in  the  sliding  parts  of  the  maehuic,  aud  by  other  unavoidable  resistances  ; 
so  that  it  is  not  always  necessary  to  introduce  special  contrivances  to  check 
oscillations. 
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I  shall  call  all  such  resistances,  if  approximately  proportional  to  the 
velocity,  by  the  name  of  "  visposity,"  wlmtevcr  be  ihcir  true  oricnn. 

In  several  coutrivances  a  ilinVrenti;il  .system  of  \vhcehvuik  i-  introduced 
between  the  machiiie  auJ  tlie  governor,  so  that  the  driving-power  acting  on 
the  governor  is  lu-arly  constant. 

I  have  pointed  out  that,  under  certain  conditiouf?,  the  sudden  disturbances 
of  the  niachiue  do  not  act  through  the  dilicrcutial  system  on  the  goveruor, 
or  vice  versd.  When  these  conditions  are  fulfilled,  the  equations  of  mo- 
tiom  are  not  only  simple,  but  the  motion  itself  is  not  liable  to  disturbances 
dependiDg  on  the  nutwil  action  of  the  machine  and  the  goyeroor. 

JHalinction  between  Moderators  and  Governors* 

In  regohtOfS  of  the  first  kind,  let  P  he  the  driving-power  and  R  the  re* 
BUtance,  hoth  estimated  as  if  applied  to  a  giTen  axis  of  the  machine.  Let 

dx 

V  be  the  normal  velocity,  estimated  for  the  same  axis,  and      the  actual 

velocity,  and  let  M  be  the  moment  of  inertia  of  the  whole  machine  reduced 
to  the  given  axis. 

Let  the  governor  be  so  arranged  as  to  increase  the  resistance  or  diminish 
the  driving-power  by  a  quantity  F  ^  equation  of  motion 

will  be 

i  ^ 

.When  the  machine  has  obtained  its  final  rate  the  first  term  vanishes,  and 

.  ■  •  •  •  

Hence,  if  P  is  increased  or  R  diminished,  the  velocity  -^vill  he  permanently 
increased,  liegulators  of  this  kind,  as  Mr.  Siemens*  lias  observed,  should 
be  called  moderators  rather  than  governors. 

In  the  second  kind  of  regulator,  the  force  F      —  V^,  instead  of  being 

applied  directly  to  the  machine,  is  applied  to  an  independent  moving  piece, 
B,  which  couimually  increases  the  resistance^  or  diminishes  the  driving- 
power,  by  a  quantity  depending  on  the  whole  motion  of  B. 

If  y  represents  the  whole  motion  of  B,  the  equation  of  motion  of 

Tr(«S-Kt-^>  •  <^> 

and  that  of  M 

where  G  is  the  resistance  applied  by  B  when  li  moves  through  one  unit  of 
space. 

»  *'Oii  Uiitform  BotaUon;*  Phil.  Tnme.  1866,  p.  657. 
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We  can  integrate  the  first  of  thfie  equations  at  onoe»  and  we  find 

B^=F(»-VO»  (5) 

80  that  if  the  governor  B  has  come  to  rest  t^Yt,  and  not  only  is  the  velo- 
dty  of  ^the  machine  equal  to  the  normal  Telocity,  but  the  position  of  the 
machme  ia  the  same  as  if  DO  disturbance  of  thedriring-power  or  resistance 

had  taken  place. 

JenkirCs  Governor. — In  a  governor  of  this  kind*  invented  by  Mr. 
Fleeming  Jcnkin,  and  used  in  electrical  experiments^  a  centrifugal  piece 
revolves  on  the  principal  axis,  and  is  kept  always  at  a  constant  angle  by  an 
appendage  which  slides  on  the  edge  of  a  loose  wheel,  B,  which  works  on 
the  same  axis.  The  pressure  on  the  edge  of  this  wheel  would  be  propor- 
tional to  the  square  of  the  Telocity ;  but  a  constant  portion  of  this  pressure 
is  taken  off  by  a  spring  which  acts  on  the  centrifugal  piece.  The  force 
acting  on  B  to  turn  it  round  is  therefore 


jfxdx 


and  if  we  remember  thnt  the  Telocity  varies  within  very  narrow  limits^  we 
may  write  the  expression 

where  F  is  a  new  constant,  and  V)  is  the  lowest  limit  of  velocity  within 
which  the  governor  will  act. 

Since  this  force  necessarily  acts  on  B  in  tht'  positive  direction,  and  since 
it  i3  necessary  that  the  break  should  be  taken  off  as  well  as  put  on,  a  weight 
W  is  applied  to  B,  tcndiii'^  to  turn  it  in  the  negative  Jiicction;  and,  for 
a  reason  to  be  afterwanl^s  exi'laiiied,  this  weight  is  made  to  hang  in  a 
viscous  liquid,  so  as  to  bring  it  to  rest  quickly. 

The  equation  of  motion  of  B  nmy  then  be  written 

4^=K^^V,)-T^-W.   (6) 

where  Y  i.>?  n  coelhcient  depending  on  the  viscosity  of  the  liquid  and 
on  other  resist!uires  varying  with  the  velocity,  and  W  is  the  constant  weight. 
Integrating  this  equation  with  respect  to    we  find 

B^-P(*-V,0-Yy-W<  (7) 

If  B  has  come  to  rest,  we  have 

or  the  position  of  the  machine  is  afll^ted  by  that  of  the  governor,  but  the 
final  velocity  is  constant,  and 

V,  +  |=V  (9) 

where  Y  is  the  normal  velocity. 
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The  eqnatioii  of  motion  of  the  mechine  itself  if 

M^=P-R_f(*-V.)-G,.  ......  (10) 

This  must  ho  combined  with  equation  (7)  to  detemune  the  motion  of  the 
whole  apparatus.    The  solution  is  of  the  foim 

.r=A.W+A,c-/+A,€*M+V/,  (II) 

where  fi,,    it,  are  the  roots  of  the  cubic  equation 

MBn*+(MT+FB)ft*+FYfi+FG=0.    ....  (12) 

If  «  be  a  pair  of  roots  of  this  equation  of  the  form  cr  i  V  —  theu  tlic 
part  of  X  corrcspouding  to  these  roots  will  be  of  the  form 

e"'  cos  (  i^-f-/1). 

If  a  IS  a  negative  quantity,  this  will  indioate  an  oscillation  the  amplitude 
of  which  continually  decreases.  If  a  is  zero,  the  amplitude  will  remain 
constant,  and  if  r/  h  pn«titivc,  the  amplitude  will  continually  increase. 

One  root  of  the  cquiition  (12)  is  evidently  a  real  negative  <iuaiititjr. 
The  condition  that  the  real  part  of  the  other  roots  should  be  negative  is 

(n+¥)B"ii==*  positive  quantity. 

This  is  the  condition  of  stability  of  the  motion.  If  it  is  not  fulfilled 
there  will  be  a  dancing  motion  of  the  governor,  which  will  increase  till  it 
is  as  great  as  the  limits  of  motion  of  the  governor.  To  ensure  this  stability, 

the  value  of  Y  must  he  made  sufficiently  grrcat,  as  comprtrrcl  ^^  ith  G,  by 
placing  the  \\f  i*;lit  AV  in  a  vi-cons  lujuid  if  the  viscosity  of  the  lubri- 
eating  materials  at  the  axle  is  not  suflii  icnt. 

To  determine  the  value  of  F,  put  the  break  out  of  gear,  and  fix  the 
moveable  wheel ;  then,  if  Y  and  V'  be  the  velocities  when  the  driving-power 
is  P  and  F. 

V-T  ' 

To  determine  G,  let  the  goTernor  act,  and  let  y  and  y'  he  the  positiona 
of  the  hreak  when  the  driving-power  it  P  and  V,  then 

u=:  r  • 

y-y 

General  Theory  of  Chrotumetrie  CetUnfagoi  Pieeet. 

Sir  W,  l^mnooiCe  and  M,  Fouemd^e  Oooemoro, — Let  A  be  the  mo- 
ment of  mertia  of  a  revolving  apparatus,  and  $  the  angle  of  levdlation. 
The  equation  of  motion  is 

,^(a;I)=^   0) 

where  L  is  the  moment  of  the  appUed  force  round  the  axis. 
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NoWt  let  A  be  a  fbnction  of  another  rariable  ^  (the  dirergeoee  of  the 
eentrifiigpl  piece),  aod  let  the  kinetic  energy  of  the  whole  be 

1  a"^\1t,^' 


where  B  may  also  be  a  function  of  <f>,  if  the  centrifugal  piece  Is  complex.  ^ 
If  we  also  assume  that  P,  the  j)otentiaI  energy  of  the  apparatus,  ia  a 
fonetion  of  ^  then  the  force  tending  to  diminuh  ^,  arieuig  from  the  action 

dP 

of  gravity,  springs,  &c.,  will  be  ^ . 

The  whole  enetgr,  kinetic  and  potential,  ia 


(3) 


liiUcieutiating  with  respect  to  t,  wu  find 

dt\2  d^  dt\  ^2  d^dtidip)^  ^dt  dt'  di  di'  \ 

'fde_dB(dkdQd^  ,d'd\   ('  ' 

dt~dt\df  dt  dty'J 
whenoe  we  haye,  by  eliminating  L» 

£/  ^\    1      S  •   1  rfB  ^[_dP 

dt\dtn'2dfdt'^2dfdV  '  W 

The  first  two  terms  on  tlic  rigiit  hand  j-ide  intlicatc  a  force  tending  to 
increase  (p,  depending  on  the  stpwircs  of  the  velocities  of  the  main  shaft  and 
of  the  ceiui  it  u<5itl  piece.  The  force  indicated  by  these  terms  ma^  be  culled 
the  centrifugal  force. 

If  the  apparatus  is  so  arranged  that 

Aw' -f  const.,  (5) 

where  m  ia  a  constant  velocity,  the  equation  becomes 

In  this  case  the  value  of  ^  cannot  rcmam  constant  unless  the  angular 
Telocity  is  equal  to  to. 

A  ?hnft  with  R  ceiiirifugal  piece  arranged  on  tliia  principle  has  only  one 
Telocity  of  rotaUou  without  disturbance.  If  there  be  a  small  disturbance^ 
the  equations  for  the  disturbances  Q  and  ^  may  be  written 

.  d*Q    dA  di^ 

^de'^d^^'dr^^  

rfA  de 

dX 

The  period  of  such  small  disturbances  is  ^  (AB)-4  rcTolutions  of  the 
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shaft.  They  will  neither  increase  nor  diminish  if  there  are  no  other  terms 
iu  the  equations. 

To  convert  this  apparatus  into  a  governor,  let  us  assume  Tiseosities  X 
and  y  iu  the  motions  of  the  main  shaft  and  the  centrifugal  piece,  and  a 

leBiatanee     applied  to  the  buud shaft.  Ptottin-      a,«K,  the  equatiotis 

become  a  <^  i  v     .  v     .  « 


(10) 


The  condition  of  stability  of  the  motion  indicated  by  these  eqnationa  is 
that  all  the  poasibie  root8>  or  parts  of  roots,  of  the  cubic  equation 

AB»'+(AY+BXV+(XY+K>+GK=0  ....  (11) 
shall  be  negative ;  and  this  condition  is 

g+B)(XY+K«)>GK.  (12) 

Comhination  of  Governors. — If  the  break  of  Thomsr  irs  governor  is  ap- 
plied to  a  moveable  wheel,  as  in  Jcnkiu's  governor,  and  if  this  wheel  works 
n  stiaui  valve,  or  a  more  jiuwerful  break,  we  have  to  consider  the  motion 
of  three  pieces.  Witliout  entering  into  the  calculation  of  the  general  equa- 
tions of  motion  of  these  pieces,  we  may  confine  ourselves  to  the  ease  of 
small  disturbances,  and  write  the  equations 


=0. 


(13) 


where  9,  ^,  i/^  are  the  angles  of  disturbance  of  the  main  shaA;,  the  centri- 
fugal arm,  and  the  moTcable  wheel  respeotively.  A,  B,  C  theur  moments 
of  inertia,  X,  Y,  Z  the  viscosity  of  their  connexions,  K  is  what  was  for- 

merljr  denoted  by        and  T  and  J  are  the  powers  of  Thomson's  and 

Jenkin's  brsakt  respecCiTelj. 
Tbs  resnlting  equation  in  n  if  of  the  form 
Aji*+Xfi       Kii+T  J 
-K         Bn+Y  0 
0  — T  (V+Zm 


=0, 


(14) 


or 


s*+» 


+  n 


a/XYZ  +  KTC  +  K^Z\  .  KTZ  .  KTJ 


V 


AtiU 


) 


(16) 
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I  hnve  not  succeeded  in  deteraiining  completely  tlie  conditions  of  sta- 
bility of  the  rnotioa  iVoui  this  equation  ;  but  i  have  found  tvso  necessary 
conditions,  which  are  in  fact  the  conditions  of  stability  of  the  two  governors 
taken  separately.    If  we  write  the  equation 

n'+/)n*  +  (/n'-f-ni'-|-*/i-f  ^  (16) 

then,  in  order  that  the  possible  parts  of  all  the  roots  shall  be  neg^tive^  it 
is  necessary  that 

|>2>-r  and  p*>/  (17) 

1  am  not  able  to  show  that  these  conditions  are  lufllcient.  Tbia  com* 
pound  goTernor  bas  been  oonatrncted  and  used. 

On  the  Motion  of  a  Liquid  in  a  Tube  revolviny  about  a  Vertical  Axis. 

Mr,  C,  W.  Siemens' a  Liquid  Governor. — Let  p  be  the  density  of  the  fluid, 
k  the  section  of  the  tube  at  a  point  whose  distance  from  the  origin  mea* 
aured  along  the  tube  is  r,  0,  z  the  coordinates  of  this  point  referred  to 
axes  fixed  with  respect  to  the  tube,  Q  the  volume  of  licpiid  which  passes 
through  any  section  in  unit  of  time.  Also  let  the  following  int^grali^ 
taken  o? er  the  whole  tube,  be 

/pAW*=A,  7;>rW&=B,  fp]ds^C,  (1) 

the  lower  end  of  the  tube  being  in  the  axis  of  motion. 

I.ct  (p  be  the  nngle  of  j)Osition  of  the  tube  about  the  TCrtical  axiS|  then 
the  moment  of  momentum  of  the  liquid  iu  the  tube  is 

H=A  ^+BQ  (2) 

1  !i  .  moment  of  momentum  of  the  liquid  thrown  out  of  the  tube  in  unit 
of  time  is 

—  =,r'Q^J+P^-Q^«.  (3) 

where  r  is  the  radius  at  the  orifice,  k  its  section,  niul  a  the  angle  between 
the  direction  of  the  tube  there  and  the  (iiiectiun  of  motion. 
The  energy  oi  motion  of  the  fluiil  in  the  tube  is 

^-iAj'  +  BQ^+JCV  (4) 

The  energy  of  the  fluid  which  eseapes  in  unit  of  time  is 

^=PifQ(AH-z)+ipi^Q§!Vf)^cos«Q'J+i^Q\  ...  (5) 

The  work  done  by  the  prime  mover  in  turning  the  abaft  in  unit  of 
time  is 

d.;._d,p  /dH  dlV\ 
The  work  spent  on  the  hqoid  in  unit  of  time  is 
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Eqnattng  tfals  to  the  work  done,  we  obtain  the  eqoattone  of  motioa 

Theee  equations  apply  to  a  tube  of  giTen  aeetion  throughout.  If  the 
fluid  ia  in  open  ohanne1a»  the  valuefl  of  A  and  C  will  depend  on  the  depth  to 
which  the  dianneU  are  filled  at  each  point,  and  that  of  k  will  depend  on 
the  depth  at  the  overflow. 

In  the  gOTemor  described  hj  Mr.  C.  W.  Siemens  in  the  paper  already 
referred  to,  the  diaeharge  is  practically  limited  by  the  depth  of  the  fluid 
at  the  brim  of  the  cup. 

The  resultant  force  at  the  brim  is/=  \/y«+»V. 

If  the  brim  is  perfectly  horizontal,  the  OTCrflow  will  be  proportional  to 
Art  (where  a?  is  the  depth  at  the  brim),  and  the  mean  square  of  the  velocity 

relative  to  the  brim  will  be  proportional  to  ar,  or  to  Q^. 

If  the  breadth  of  overflow  at  the  surface  is  proportional  to  x",  where  .r  is 
the  licipht  jibove  the  lowest  point  of  overflow,  then  Qwill  vary  as  a?"  "^2,  and 
tlie  mean  square  of  the  velocity  of  overflow  relative  to  the  cup  as  «  or  aa 

1 

If  7;  =       then  the  overflow  and  the  mean  square  of  the  veloci^  are 

both  jiroportional  to  .r. 
from  the  second  equation  wc  flad  for  the  mean  square  of  velocity 

If  the  velocity  of  rotation  and  of  overflow  is  constant,  this  becomes 

%-'^\-^('^+'-)  (10) 

From  the  first  equation,  supposing,  as  in  Mr.  Siemens's  coDstruction,  that 
cos  as 0  and  BsO,  we  find 

i-p^S  (") 

In  Mr.  Siemens*s  governor  there  is  an  arrangement  by  which  a  fixed  re- 
lation is  established  between  L  and  r, 

Ls:— Sir,  (12) 

whence 

^=.f   (.3) 

If  the  conditions  of  overflow  can  be  so  arranged  that  the  mean  square  of 

Qi 

the  velocity,  represented  by  -jg,  is  proportional  to  Q,  and  if  the  strength  of 
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lihe  spring  vliich  detemiiies  8  is  tbo  arranged  ao  that 

S"^-^^  (U) 

the  eqnatioii  w31  become,  if  2gh  Mw<ft, 

which  showB  that  the  velodt  j  of  rotation  and  of  otcHIow  cannot  be  con- 
atant  nnlesa  the  velocitj  of  rotation  is  m. 

The  condition  abont  the  overflow  is  probably  difficult  to  obtab  aoenratelj 
in  practice ;  hut  Tery  good  results  have  been  obtained  within  a  con- 
aideraUe  range  of  driving-power  hj  a  proper  adjustment  of  the  spring.  If 
the  rim  ia  nnifonn»  there  will  be  a  euMtaniai  velodtj  for  a  certain  driving, 
power.  This  seems  to  be  Terified  by  the  reialts  given  at  p«  667  of  Mr. 
Siemena's  paper. 

If  the  flow  of  the  fluid  were  limited  by  a  hole,  there  would  be  a  amiMiiMi 
▼elodty  instead  of  a  maadmum. 

The  dtflrereDtial  equation  which  detemunea  the  nature  of  email  disturbencea 
ia  in  general  of  the  fourth  order,  but  may  be  reduced  to  the  third  by  a 
proper  choice  of  the  value  of  the  mean  overflow. 

Theory  of  Differential  Gearing. 

In  some  contrivances  the  main  shaft  is  connected  with  the  governor  by 
a  wheel  or  system  of  wheels  which  are  capable  of  rotation  round  an  axis, 
which  is  itself  also  capable  of  rotation  about  the  axis  of  the  main  sliafl. 
These  two  axes  may  be  at  r%ht  ang|ea»  aa  in  the  ordinary  system  of  differ- 
ential bevel  wheels ;  or  they  may  be  parallel,  as  in  several  contrivances 
adapted  to  clockwork. 

Let  i  and  17  represent  the  angular  position  about  each  of  these  axes  re- 
spcctively,  0  that  of  the  maiti  shaft,  and  ^  that  of  the  governor ;  then  B 
and  ^  are  linear  functiona  of  i  and  1;,  and  the  motion  of  any  point  of  the 
qrstem  can  be  expressed  in  terms  either  of  I,  and  17  or  of  0  and  <p. 

I^tthe  velocity  of  a  particle  whose  mass  is  at  resolved  in  the  direction  of 
4P  be  dx       dl  ,     dn  /iv 

57=^'S+»'5?'  •  •  •  •  •  •  •  • 

with  similar  expressions  for  the  other  coordinate  directions,  putting  suffixes 
2  and  3  to  denote  the  values  of  j»  and  q  fat  these  directions.  Then  La- 
grange's equation  of  motion  becomea 

««+H«,-2«(^J»+gjy+^e--)=0,        .  (2) 

where  S,  and  H  are  the  forces  tending  to  increase  I  and  9  reapcctively,  no 
force  being  supposed  to  be  applied  at  any  other  point. 
Now  putting 

cs^p^cl -\rq^h»   (3) 

and  d'l  ^.x 
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the  equation  becomes 

(ar-r-p' ^  -Smp?"  g)«£  +  (h-S«.j,j g  -2m^g^J,-0 ;  (S) 

and  since  H  and  ^9  are  indepeudent,  the  coeffident  of  eaeh  most  be  aero. 
If  we  now  put 

2(a|p')«L,   2faw)-Mt  ....  (6) 

where 

the  eqaationa  of  motion  will  be 

 w 

 (8) 

If  the  apparatus  is  so  arranged  tbatMcsO,  then  the  two  motions  will  be 
independent  of  each  other ;  and  the  motions  indicated  by  I  and  1}  will  be 
about  conjugate  axes — thatia,  about  axes  such  that  the  rotation  round  one 
of  them  does  not  tend  to  produce  a  force  about  the  other. 

Now  let  6  be  the  driving-power  of  the  ahaft  on  the  differential  system, 
and  ^  that  of  the  differential  system  on  the  governor ;  then  the  equation 
of  motion  beeomes 

and  if 


(H) 


(12) 


and  if  we  put 

1/  =LP»  +2MPR  +NU% 
M  =LPQ  +  M(PS  +(ill)  +  NRS, 
N'=LQ^  +2MQS  +NS% 
the  equattona  of  motion  in  8  and  f  will  be 

If  M'=0,  then  the  motiona  in  9  and  f  will  be  independent  of  eaeh  other. 
If  M  IB  alao  0,  then  we  hate  the  relation 

LPQ+NRSsO;  (13) 

aud  ii  litis  is  fulfilled,  the  disturbances  of  the  motion  in  0  will  have  no  effect 
ou  the  motion  in  <f>.  The  teeth  of  the  differential  system  in  gear  with  the 
main  shaft  and  the  goTeroor  feapeettvely  will  then  correspond  to  the 
centres  of  percussion  and  rotation  of  a  simple  body»  and  thia  relation  will 
be  mutual. 
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In  such  differential  systems  a  constant  force,  H,  sufficient  to  keep  the 
govt  riior  in  a  |)ru])cr  state  of  efficiency,  is  nppllefl  to  the  axis  f\)id  the 
motion  of  this  axis  is  made  to  work  a  valve  or  a  break  on  the  main  shafk 
of  the  machine.  IS  in  this  case  is  merely  the  friction  about  tlie  axis  of  E. 
If  the  moments  of  inertia  of  the  different  parts  of  the  system  are  so 
arranged  that  M'  =  0,  then  the  disturbance  produced  by  a  blow  or  a  jerk 
on  the  machtiic  will  act  instantaneously  on  the  vaive^  but  will  not  commu- 
nicate any  impulse  to  the  governor. 

II.  "  Proceedings  of  the  CoQQcil  of  the  Royal  Society  with  refer- 
ence to  the  nndertaking  of  certain  Physical  Observations  in 
India/'  Communicated  to  the  Society  by  direction  of  the  Pre* 
sident. 

On  the  13th  of  February  18b(j,  J.  S.  N.  Hennessey,  Esq.,  Fir^it  Assistant 
on  the  Trigonometrical  Survey  of  India,  addressed  a  letter  to  the  President, 
in  which,  after  explaining  the  nature  of  the  calls  upon  his  time  occasioned 
by  his  professional  duties,  he  offered  to  devote  any  portion  of  his  leisure 
to  such  scientific  experiments  as  the  President  might  direct.  He  stated 
that  he  was  resident  at  Mnssoorie  from  Ifay  to  October^  rending  at  Dehim 
dmiDg  the  remainder  of  the  year,  from  which  plae^  however^  he  would  be 
able  to  visit  Mussoorie  occasionally,  such  as  once  a  week.  Mnssooiie  is  a 
hill-station  or  town,  at  an  altitode  above  the  sea-level  €i  about  6700  feet, 
in  lat.  30^  28'  N.,  and  long.  79?*  10'  E.  With  refeienee  to  the  climate  of 
this  place  he  observes,  "  In  September  the  shies  heguk .  to  elear«  and 
from  September  15  to  about  December  15  there  prevails  at  Mnssoorie 
a  clearness  of  atmosphere  soch  as  I  have  never  known  in  my  wanderings. 
I  mention  this  period  in  particular ;  bnt  at  all  times,  when  the  sky  is  dear 
of  elonds,  the  intensity  of  the  hesTCnly  bodies  is  something  exquisite.  I 
have  seen  Venns  distinctly  at  midday  with  my  unaided  eye.  It  is  this 
wonderftil  transparency  of  atmosphere  to  which  I  would  draw  particular 
attention." 

This  letter  was  read  to  the  Council  on  the  28th  of  Jone^  and  was  ordered 
to  be  printed,  and  the  President  was  requested  to  communicate  it  to  such 
men  of  science  as  he  might  see  fit,  with  the  view  of  obtaining  snggestioiui 
with  reference  thereto. 

The  President  acoordihgly  communicated  the  letter  to  seTcral  sdentifie 
men,  accompanied  by  a  request  that  they  would  fiivour  him  with  suggestions 
as  to  observations  which  it  might  seem  to  them  desirable  that  Mr. 
Hennessqr  should  be  requested  to  take  up.  Answen  were  received  during 
the  recess  $  snd  on  the  11th  of  October  a  Committee  was  appointed  to  draw 
up  a  report  upon  Mr.  Hennessey's  letter,  giving  specific  indications  as  to 
the  observations  in  meteorology  and  with  the  ipectroscope  which  it  might 
be  desirable  to  make. 

Before  the  Committee  presented  their  report  another  subject  of  great 
scientific  interest  presented  itself  In  connexion  with  India.   On  the  1 7th  of 
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August  in  the  present  year  will  occur  a  total  solar  eclipse  of  nearly  the 
greatest  possible  duration.  This  eclipse  will  be  visible  in  India,  but  else- 
where only  in  parts  of  the  earth  which  are  comparatiyely  uuciyiliied  or 
difficult  of  access.  The  subject  was  accordingly  taken  into  consideratioB 
by  the  Committee ;  and  both  objects  are  embraced  in  their  report,  which  if 
here  appended. 

Report  of  the  Committee  on  Mr,  Henneeee/i  Letter  emeermn^ 
Aetronomieal  Observations  in  India, 

**la  making  a  adeetion  of  aobjeeti  to  which  they  suggest  that  Ifr. 
Hemieuey'B  attenUon  might  ad?autageously  be  directed^  the  Committea 
hafe  borne  in  mind  that  that  gentleman's  profeasional  dutici  ncceaiaiily 
occupy  the  greater  part  of  his  time  and  attention.  They  have  therefore 
abttabed  deom  recommending  researches  which,  though  dedrahle  in  them- 
selvesy  would  require  for  their  snccesaful  proaecntion  that  the  observer 
should  devote  his  main  attention  to  them,  or  wluch,  though  less  laborious, 
are  of  such  a  nature  as  to  admit  of  being  equally  welt  carried  on  elsewhere. 

"  §  1 .  The  determination  of  the  order  of  brightness  of  the  fixed  stara 
by  the  method  of  sequences,  as  described  by  Sir  John  Herschelin  his  Cape 
Observations,  is  ona  for  which  the  extraordinaiy  clearness  of  atmosphere 
described  by  Mr.  Hennessey  offers  peculiar  advantages,  and  which,  losing 
absolutely  nothing  in  value  by  being  taken  up  in  a  disconnected  manner,  ia 
eminently  suitable  for  leisure  hours.  It  requires  the  use  of  a  good  star 
map,  but  no  apparatus.  The  peculiar  deamess  of  atmosphere  at  Mussoorie 
does  not,  it  is  true^  extend  over  a  very  large  part  of  the  year;  but  by 
making  observations  sometimes  in  the  early  part  of  the  night,  sometimea 
towards  moniing^  a  large  part  of  the  heavens  might  be  brought  under 
scrutiny  without  including  stars  too  near  the  horison  to  give  trustworthy 
results — more  especially  as  ikvourable  nights  might  occasionally  occur  at 
other  times  of  the  year.  The  time  at  which  the  comparison  of  two  stars 
was  made  should  always  be  noted,  in  order  to  render  it  possible  snbse- 
qnently  to  make  a  oorreetion  for  senith*distance. 

*'  When  numerous  observations  taken  on  different  occasions  have  been 
compared,  should  any  particular  star  be  found  to  exhibit  unusual  discra- 
pancies,  giving  rise  to  the  suspicion  that  it  might  be  a  periodic  star,  such 
star  would  naturally  daim  special  attention,  and  should  be  frequently 
observed  in  comparison  with  a  few  selected  stars  near  it  in  brightness^  with 
a  view  to  test  its  periodicity — and  in  case  of  confirmation  to  determine  the 
period,  and  maximum  and  minimum  brightness. 

**  §  2.  It  would  be  weQ  if  Mr.  Hennessey  would  also  watch  the  lodlacal 
light,  alter  sunset  about  the  months  of  April  and  May,  and  before  sunrise 
at  the  opposite  time  of  year,  with  a  view  to  defining  its  form  and  extent, 
and  also  noticing  anything  which  may  be  held  to  indicate  whether  it  be 
ienticular  or  amndar, 

vongb  spectroscopic  obeervaftioii  of  the  object  if  the  light  be  not 
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too  feeble  to  allow  of  it,  miirhl  be  valuable,  and  aa  examination  of  the 
light  for  polarization  with  a  d  luljlc-linnge  prism. 

**  §  3.  The  cliinate  of  Mus^^ooi  ic  would  make  actinometric  observatioua 
at  that  plai  c  (  s])pmlly  iuterestiiig.  On  account  of  the  fragility  of  the 
well-known  instriiiiient  invented  by  Sir  John  Ilerschcl,  it  is  proposed  to 
employ  the  actinometer  of  Mr.  Hodgkin^on.  At  hast  two  instruments 
should  be  provided,  which  would  allow  of  simultaneous  obscrvutidiis  at 
different  altitudes  being  taken  when  the  services  of  a  second  o])servcr  could 
be  obtained.  It  seems  desirable,  as  suggested  by  Mr.  llodgkiuson,  that 
an  actinometer  should  be  preserved  at  Kew,  to  furnish  a  fixed  though 
arbitrary  scale  for  reference,  and  that  the  instruments  sent  out  should  be 
compared  Ijcfui  c  (kpurture  with  the  Kew  standard,  and  their  coefficients 
of  reduction  to  the  Kew  scale  determined. 

**§4.  Much  attention  has  recently  been  bestowed  on  the  atmospheric 
lines  of  the  solar  spectrum  i  aad  11  ap[)cars  to  be  pretty  well  established 
that  they  are,  partly  at  least,  due  to  absorption  by  watery  vapour.  The 
extreme  clearness  of  atmosphere  at  Mussoorie  would  seem  to  render  this 
a  desirable  subject  of  investigation  at  that  place,  provided  a  clear  view  of 
the  sun  can  be  obtained,  either  at  rising  or  at  setting,  down  to  the  horizon, 
or  at  least  to  a  very  low  altitude ;  and  such  the  Committee  are  informed 
is  the  case. 

*'  For  this  purpose  the  observer  should  be  provided  with  a  spectroscope 
of  similar  power  to  that  with  which  Fraunhofer  s  ur  Ku  chhofTs  excellent 
map  of  the  spectrum  was  constructed.  It  is  proposed  to  take  the  latter 
as  a  basis  on  which  to  work,  but  that  the  observer  should  confine  hb  at- 
tention, at  least  in  the  first  instance,  to  the  region  extending  from  the 
extreme  red  to  the  line  E.  The  spectrum  should  first  be  observed  when 
the  sun  is  high,  and  compared  with  Kirchhoffs  map.  Should  any  Hnci 
represented  in  the  map  not  be  found,  and  should  the  want  not  be  due  to 
inferior  spectroscopic  power,  (which  may  be  judged  of  by  comparing 
neighbouring  Hues  of  similar  strength  with  their  representation  in  the  map,) 
such  missing  lines  should  be  noted  as  lines  probably  atmospheric  included 
in  the  map.  Then  the  spectrum  should  be  observed  at  low  altitudes  of 
the  sun»  and  the  Unes  seen  in  addition  to  those  in  the  map  measured  and 
drawn.  Differential  measures  referring  the  additional  lines  to  those  repre- 
sented  in  the  map  would  be  snfficient.  Any  remarkable  increase  of  breadth 
of  ft  line,  too  great  to  be  accounted  for  merely  as  a  result  of  decreasing 
illumination,  and  proved  by  direct  obserratioo,  by  weakening  the  light 
when  the  sna  is  high,  not  to  he  referable  to  that  cause,  should  also  be 
noted.  The  lines  in  the  map  which  were  missed  when  the  sun  was  high 
should  now  be  sought  for ;  for  if  really  atmospheric  they  would  be  sure 
now  to  come  ont  strongly,  unless  indeed  they  were  produced  by  exceptional 
atmospheric  conditions.  The  time  at  which  the  drawings  were  made 
should  also  be  noted,  from  which  the  snn*8  altitude  could  afterwards  be 
calcuhited  if  desired;  and  the  hygrometric  condition  of  the  air  at  the 
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time,  the  direetion  of  tbe  wmd,  tlie  chender  of  the  cloudy  and  way  eleetrio 
diflcharges  which  might  occnr  afaonld  he  nentioiied* 

"  In  thie  way  we  should  graduiUy  ohtam  from  indepeDdent  ohsemUioii 
ft  map  of  the  purely  terreetrial  Imee.  In  the  construetion  of  the  mep  mndi 
must  be  left  to  the  discretion  of  the  obaenrer,  as  the  appearanee  changes 
rapidly  with  the  varying  altitude  of  the  sun*  When  construeted«  the  map 
ought  to  be  repeatedly  compared  with  the  object*  with  a  view  to  detennint 
whether  the  system  of  atmospheric  lines  he  single,  or  consist  of  two  or 
more  systems  superposed.  Should  two  gases  possessing  the  power  of  de- 
finite absorption  be  present,  as  it  Is  not  l^ely  that  they  would  occur  m  the 
same  proportion  on  different  occasionsp  and  under  different  conditmna  of 
weather,  the  complex  character  of  the  atmospheric  system,  if  it  be  complex, 
would  thus  probably  be  in  time  revealed.  The  map  should  also  he  com- 
pared  with  the  map  drawn  by  Sir  David  Brewster  and  Dr.  Gladstoocb 
from  observations  made  in  England  and  Scotland  (Philosophical  Tiannc* 
tioos  for  i860). 

'*  $  5.  In  connexion  with  the  oflier  made  by  Mr.  Hennessey,  the  Com- 
mittee have  had  under  their  consideration  the  snbjeot  of  the  total  solar 
eclipse  of  next  year,  which  will  be  visible  in  India.  As  it  will  be  loiig 
before  equal  facilities  for  observbg  the  phenomena  of  the  totality  recur,  it 
seems  desirable  not  to  lose  this  opportunity  of  making  some  physicsl  ob- 
servations on  the  phenomenon,  which  at  the  present  time  are  of  great  in- 
terest. Above  all,  the  character  of  the  spectrum  of  the  red  protubersnecf 
may  be  expected  to  throw  great  light  on  their  nature ;  and  it  is  therefore 
important  to  be  prepared  with  an  instrument  for  observing  their  spectnuBf 
and  that  of  the  corona.  It  is  also  important  that  ftesh  observations  ahonld 
be  made  on  the  pohoisation  of  the  light  of  these  objects. 

''In  order  that  a  sufficient  apparent  breadth  may  be  given  to  the  red 
protuberances  to  permit  of  the  convenient  observation  of  any  lines  by 
which  their  spectrum  may  be  crossed,  it  is  necessary  to  use  a  tolerably 
high  magnifying-povrer ;  and  in  order  that  this  may  be  done  with  the 
least  possible  loss  of  light,  a  corresponding  aperture  is  required  in  the 
telescope  to  be  employed.  Messrs.  Cooke  and  Sods  have  on  hand  a  fine 
telescope  of  5  inches  aperture,  mounted  as  a  portable  equatorial,  furnished 
with  clock  movement,  which  may  be  obtained  for  a  moderate  sum ;  and 
the  Comroitteei recommend  that  this  instrument  be  purchased,  with  such 
part  of  the  mounting  as  is  required  for  the  observations  contemplated,  and 
be  provided  with  a  star-spectroscope.  They  uuclerstand  that  Lieutenant 
Herschel,  who  is  now  in  this  country,  nnd  is  going  ( nt  to  India  in  the 
course  of  a  few  months,  would  be  willing  to  undertake  the  observation  , 
subject  to  the  approval  of  Colonel  Walker,  the  Director  of  the  Great  Tri- 
gonometrical Survey  of  India.  But  as  clouds  might  interfere  with  the 
ob.s(  rvations  by  the  large  instrument  at  the  critical  moment,  the  Committee 
think  it  desirable  that  three  or  four  direct  spectroscopes,  by  which  the 
general  character  of  the  spectrum  might  be  observed,  should  he  entrusted 
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to  Colonel  Walker  to  be  placed  in  the  hands  of  obsenren  at  dififerent 

atations. 

"  The  observation  of  the  polarization  would  also  require  the  tise  of  a 
telescope,  which,  however,  may  be  of  much  smaller  size,  sach  4I  2  iochef 
aperture,  and  will  therefore  be  comparativelj  inexpensive. 

*'Thc  Coiiiniittec  estimate  that  the  whole  eost  of  the  instruments  they 
have  recommended,  for  the  use  both  of  Mr.  Hennessey  and  of  tho'^r  gentle- 
men who  may  undertake  the  obsorvntiousof  the  eclipse,  will  he  under  :t';^00.'* 

Tliis  Iteport  was  piesenU'il  to  ilie  Council  on  the  20th  of  June,  ]^C}7. 
The  Council  adojjted  the  report  and  requested  the  Committee  to  take  ilie 
requisite  steps  for  carrunu:  nut  their  recommendations.  They  further  re- 
soUrd  that  apphciition  be  made  to  the  Government-grant  Committee  for 
a  sum  of  not  exceeding  .£'MH)  to  defray  the  expenses,  and  that  the  Trea- 
surer be  authorized  to  make  sucli  advances  within  that  sum  as  might  in  the 
meantime  be  required  to  enable  the  Committee  to  proceed  with  the  work. 

Mr.  Ifuggins  kindly  undciiouk  to  superintend  the  construction  of  the 
instrumentft,  and  to  give  instruction  in  the  use  of  the  star-spectroscope  to 
the  observer  who  might  be  selected  to  observe  the  spectrum  of  the  red  pro- 
tuberances i  and  it  is  mainly  owing  to  Mr.  Huggins's  zeal  in  the  cause  that 
the  instruments  Imve  all  been  got  ready  within  the  limited  time  allowed* 

The  follow ittg  instructions  were  drawn  up  for  the  guidance  of  the  ob- 
ienren  who  might  be  entnisted  with  the  obsemtiont  wliidi  it  wai  intended 
to  make  on  the  oeeairion  of  the  total  eohur  edipee > 

InstrucHom  reepeetmg  certain  ohservatione  to  be  made  in  India  on 

the  occasion  of  the  Total  Solar  Eclipse  of  1868,  by  means  of 
Instruments  sent  out  by  the  Royal  Society, 

"  %  I,  Special  Ohfeets  of  the  Ohtenations  proposed  to  he  made. 

"  According  to  modem  opinion,  the  photosphere  of  the  aoti  eonaata  of  a 
shell  of  fiqaid  or  solid  partides,  constantly  forming  bj  condensation  in  the 
outer  layers  of  the  intensely  heated  gaseous  matter  of  the  son.  "When 
nearly  the  whole  of  the  light  from  the  solar  photosphere  is  screened  off  hy 
the  moon  during  a  total  solar  edipse,  two  other,  feebler  sources  of  light 
without  the  son*a  photosphere  usually  show  theuiselves.  One  of  these  is 
in  the  form  of  an  irregularly  bright  halo  surrounding  the  sun,  and  is  known 
as  the  Corona,  The  other  source  of  light  usually  presents  itself  as  small 
tongue-shaped  flames  more  or  less  eoloured,  whidi  apparently  issue  forth 
from  the  solar  photosphere. 

"The  special  object  of  the  observations  suggested  is  to  determine,  as 
far  as  may  be  possible,  the  physical  nature  of  the  '  Corona'  and  of  the 
*  Jlnl  Jfame*.* 

**  To  obtain  this  information  it  is  proposed  to  andyze  the  light  from 
these  sources  for  polarisation,  and  espeddly  to  observe  its  prismatic  spec- 
trum in  both  cases. 
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*'If  these  objects  arc  visible  hv  reflpctiiiiz;  ti)  us  (lie  lij^ht  of  the  j)]joto- 
8j»hcre,  their  spcctiJi  wmihi  be  idi  iiliciil,  or  iiculy  so,  with  ihe  normal  solar 
spectrum.  It",  however,  either  the  '  curoiia '  or  the  '  red  llames  '  are  sell- 
luminous,  ft  sujjpusiliou  vWach  appears  not  iniprobal)Ie  in  the  case  of  the 
red  flames,  some  information  as  to  their  constitution  may  he  expected  to 
be  given  to  us  hy  tlte  prism. 

"  f  II.  DeseripiioH  of  IntirumenU  9ent  out  by  Me  Royal  Societf, 

"Tbe  telescope  provided  fortbe  spectram-obserrations  has  an  objeet- 
glMs  of  five  incliefl  aperture.  The  telescope  ia  mounted  on  a  portable 
equatorial  stand,  with  circles  for  declination  and  R.  A.,  divided  on  aOver* 
llie  stand  can  be  adjusted  to  any  latitude ;  and  tbe  whole  instrument  packs 
into  three  boxes  for  convenience  in  travelling. 

''The  telescope  has  a  verjr  perfect  driving^clock,  the  rate  of  whidi  is 
maintained  uniform  by  means  of  a  form  of  pendulum  goremor  recently  in- 
vented by  Mr.  Cooke,  by  whom  the  whole  instrument  has  been  speeiiUy 
oonstrueted  for  these  observations.  A  Barlow  lens  is  fitted  to  the  tele- 
scope for  the  purpose  of  increasiug  the  sise  of  the  image  formed  by  the 
object-glass.  The  finder  is  wired  in  a  special  manner,  and  has  a  diagonal 
eyepiece  for  convenience  in  looking  from  it  to  the  smsU  telescope  of  the 
spectrum-apparatus  attached  to  the  equatorial  telescope. 

"  The  spectroscope,  constructed  by  Messrs.  Simms,  has  one  prism  of 
dense  flint  glass,  with  a  reflecting  angle  of  60^  The  instrnment  is  far- 
nished  with  a  micrometer-screw  for  measuring  the  position  in  the  spectrum 
of  any  lines  observed.  There  is  slso  provided  a  photographed  scale 
Illuminated  by  a  small  lamp,  which  can  be  seen  by  reflection  from  the 
second  surface  of  the  prism.  The  positions  of  lines  in  the  spectra  observed 
can  be  read  by  means  of  the  reflected  image  of  the  divisions  of  this  scale. 

''The  slit  of  the  instrument ^is  so  constructed  that  both  jaws  open 
equally*  Acylindricsl  lens  is  provided  for  the  observation  of  stellar 
spectra.  The  instrument  is  furnished  with  a  prism  and  mirror,  by  means 
of  which  the  spectra  of  terrestrial  flames  can  be  compared  directly  with 
the  spectra  of  the  objects  to  which  the  telescope  is  directed. 

"  Four  portable  hand  spectrum-telescopes  are  provided,  by  means  of 
which  it  will  be  possible  to  determine  the  general  character  of  the  spectra 
of  the  lights  seen  about  the  sun  at  the  time  of  the  eclipse. 

"For  the  purpose  of  analysing  the  light  of  the  'corona*  and  'red 
flames'  for  polarization,  a  second  telescope  has  been  procured,  of  three 
inches  aperture.  This  instrument  has  altitude  and  asimnth  motions  on  a 
portable  tripod  stand.  It  is  furnished  with  three  eye|uece8,  magnifying  27, 
41,  and  98  diameters.  By  a  suitable  arrangement  of  adapters,  either  of 
the  following  analyzers  can  instantly  be  used  either  in  connexion  with  eye- 
piece 27  diameters  or  eyepiece  41  diameters. 

*'  The  first  analyzer  consists  of  a  double-image  prism,  and  a  plate  of 
quarts  cut  perpendicularly  to  the  axis.    When  polarised  light  is  present 
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iu  the  object  viewedj  both  images  become  strongly  coloured  with  comple- 
mentary tints. 

The  second  analyzer  is  formed  of  a  NicoPs  prism  and  a  system  of  quartz 
cut  obliquely,  known  as  Savart's  polariscope. 

"  It  18  almost  certain  that  the  light  from  the  objects  will  be  polariwd 
in  a  plane  passing  through  the  radius  of  the  son,  if  at  all;  and  arrange- 
menta  may  be  made  accordingly.  Nevertheless^  if  time  permits,  a  rough 
determiiuitum  of  the  plane  of  polamatkm,  in  case  the  light  should  prove 
to  be  more  or  less  polarised,  would  be  desirable.  The  plane  may  be  deter- 
mined roughly  by  the  first  analyser  by  noticing  the  arimuth  of  the  analyzer 
whendther  image  (specifying  which)  assumes  the  'tint  of  passage*  (a  purple 
In  which  blue  and  red  are  equally  balanced), — more  accurately  by  the 
second,  by  observing  theaximuth  at  which  the  bands  disappear,  and  stating 
whether  on  turning  in  a  given  direction  from  this  position  the  bands  seen 
are  black-centred  or  white-centred,  or,  which  is  better,  when  the  po- 
larization is  but  slight,  by  observing  the  asimuth  at  which  the  bands  are 
most  vivid»  and  stating  the  character  (black  or  white)  of  the  central  band. 

§  in.  InUructumt  as  to  the  general  method  of  the  ohservatUm  to 

he  made» 

*M.  In  order  that  the  observer  may  acquire  the  neeessaiy  familiarity 
with  the  use  the  spectroscope,  it  is  recommended  that  he  apply  himself 
as  far  as  his  other  engagements  may  permit,  during  the  time  after  his  arrival 
in  India  unto  the  period  of  the  eclipse,  to  a  prismatic  examination  of  the 
brightest  of  the  Southern  Nebulse. 

''The  instruments  sent  out  by  the  Royal  Society  are  in  every  respect 
suitable  and  convenient  for  these  observations.  The  determination  of  the 
diaracter  of  the  spectra  of  the  more  brilliant  of  the  Southern  Nebulae  would 
be  a  service  for  science  of  very  great  value. 

"It  is  recommended  (hat  the  observer  provide  himself  with  a  list  of,  say, 
from  fifty  to  a  hundred  of  the  brightest  of  the  Nebulse  the  distance  of 
which  from  the  north  pole  prevents  an  advantageous  study  of  them  in  the 
latitude  of  England.  From  this  list  the  observer  would  select  each  night 
the  Nebulse  which,  at  the  time  of  observatioo,  were  situated  near  the  meri- 
dian. The  equatorial  mounting,  with  its  finely  divided  circles,  would  make 
the  finding  of  the  Nebulse  a  task  of  no  difficulty. 

"The  observer  should  first  make  a  diagram  and  general  description  of 
the  nebula  as  it  appears  in  the  telescope*  The  object  should  next  be  ex- 
amined with  the  spectroscope  added  to  the  telescope.  The  telescope  should 
then  be  moved  so  as  to  bring  in  succession  upon  the  slit  the  different  parts 
of  the  nebula.  The  wire  arranged  for  that  purpose  m  the  finder  would 
enable  the  observer  to  determine  with  accuracy  the  part  of  the  nebula 
under  exammation. 

"At  the  commencement  of  the  observation  the  slit  should  be  widely 
open,  and  the  observer  should  then  make  it  as  narrow  as  the  light  of  the 
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object  would  permit.  In  this  yray  the  character  of  the  spectrum  of  each 
portion  of  the  nebula  could  be  recordeJ  in  connoxion  >vith  the  description 
of  its  appearance  which  had  been  already  made.  If  the  spectrum  should 
be  discontinuous*  the  positions  of  the  bright  lines  should  be  measured  by 
the  micrometer-Bcrew,  or  by  the  reflected  scale.  It  is  recommended  that 
the  screw  should  be  used  in  preference  to  the  scale  whenever  it  is  found 
practicable  to  do  so. 

"  For  the  puipoee  of  obtaining;  the  Talue  of  the  micrometer-ecrew  and 
of  the  scale,  mensurea  should  be  frequently  taken  of  the  principal  lines  of 
Fraunhofer.  These  measures  should  be  tnVr-n  as  near  the  time  when  the 
observations  are  to  be  made  as  possible.  As  a  precaution  against  any 
accidental  displacement  of  any  part  of  the  instmrnent,  at  the  time  of  ob- 
serving the  nebulae,  a  reading  should  be  taken  of  the  sodium  line  (D  of 
Fraunhofer)  by  means  of  a  smsll  alcohol  lamp  placed  before  the  object* 
glass  of  the  telescope. 

"A  series  of  observations  of  the  principal  Southern  Nebulrr  wnnM  be 
of  very  great  value  in  the  present  state  of  our  knowletl<^c,  and  would  cer- 
tainly repay  the  entire  cost  of  the  instrument,  should  bad  weather,  or  some 
iinfor(  seen  accident  render  the  primary  object^  the  investigation  of  the  sua, 
impossible. 

**T!ie  observer  shonld  nhn  ])r,ir'i-e  hitn^Jflf  with  observinp;  i  lir  fpectrnm 
of  tlic  moon,  nnd  ot' n  eloiid  bnirlitU  illuiniDatrd  bv  the  moou,  la  oril'  r  to 
become  familiar  with  tlie  npjiearaace  of  spettni  wliinh  are  continuous, 
except  so  far  as  they  may  be  interniptefl  by  dark  hues,  and  which  come 
from  objects  rather  deficient  in  illumination. 

**i .  Instructions  for  the  spectruni-observatiiMi^  of  the  ecli|isc. 

"The  equatorial  t(  ]  -(;()[)e  shoidd  be  previuiisly  put  up  aecnrately  in 
po.>ilion,  within  a  suital)le  temporarv  hut  or  observjitory.  Tlie  clockwork 
is  to  l)e  adjusted  to  sun's  aj)j)arent  motion.  The  Barlow  lens  is  to  be 
employed,  and  placed  within  the  focus  at  a  distance  sufficient  to  double, 
or  nearly  so,  the  diameter  of  the  sun's  image. 

"  Great  care  must  he  taken  that  the  finder  is  in  perfect  aJjustmciit,  so 
that  the  spectrum  of  any  object  brought  u]juu  the  point  of  the  indicating 
wire  may  with  certainty  be  visible  when  the  eye  is  placed  to  the  little 
telescope  of  the  spectrum-apparatus. 

<*  It  will  be  wed  for  the  observer  to  decide  previously  whether  he  intends 
to  make  use  of  the  micrometer- screw,  or  of  the  illuminated  scale.  Still  he 
is  requested  to  have  the  small  lamp  lighted,  and  both  methods  of  measuring 
in  proper  order,  so  that  either  could  be  aTailable  instantly  during  the 
duration  of  the  totality. 

"  During  the  progress  of  the  eclipse,  both  before  and  after  the  totality^ 
the  observer  is  to  take  measures  of  the  lines  of  Fraunhofer,  with  the  micro- 
meter, and  also  with  the  scale. 

'*The  measures  obtained  of  the  eclipse,  and  wluch  have  been  made  in 
the  interval  between  the  two  sets  of  observations  of  the  solar  lines,  can 
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thiis  be  referred  to  them,  and  the  poeitioDa  on  the  apeetnim  of  the  lines 
iccuratelj  determined  relatively  to  the  lines  of  Fraunhofer. 

"  The  finder  is  provided  with  n  diagonal  ejepieeot  over  whieh  a  wedge 
of  dark  glass  is  made  to  slide. 

"  The  observer  is  expected  to  watch  the  progress  of  the  eelipse  in  the 
finder,  moving  the  wedge  of  glaas  as  the  light  of  the  son  diminishes* 

*'  As  soon  as  be  pereeives  a  *  red  prominenoe,'  by  means  of  the  veiy 
efficient  arrangements  provided  in  the  instrument,  he  is  to  bring  the  red 
prominence  upon  the  point  of  the  indicating  wire.  The  observer  will  then 
see  the  speetrnm  of  the  *  red  flame'  in  the  little  teksoope  of  the  speo- 
troscope. 

"  At  the  commencement  of  the  observations  the  lowest  ejepieoe  should 
be  used,  and  the  slit  should  not  be  too  narrow. 

"  The  observer  is  first  to  record  the  general  character  of  the  spectrum, 
whether  continuous  or  discontinuous. 

"  Then  the  principRl  lines,  whether  dark  or  bright,  are  to  be  measured 
with  as  much  care  as  the  very  limited  time  will  permit. 

'*  As  the  spectrum  of  the  red  promiueuce  is  compound,  and  contains  the 
Bj)cctrum  of  the  liglit  of  the  portion  of  coronn  before  it  ^possibly  also  to 
some  extent  of  the  corona  behind  it),  sufficient  tinip  inust  he  idt  to  move 
the  instrument  so  OS  to  bring  upon  the  slit  a  part  of  the  corona  where  it  is 
brightest. 

"  Tiic  <  linrnc  fer  of  the  s{)ectrum  must  be  iua  similar  manner  examined, 
and  any  lines  present  mpfisiirod. 

**  Of  course,  if  there  shoali]  be  found  time  to  do  so,  it  would  be  de- 
sirable tliat  several  red  proaiiuences  should  be  examined,  and  also  light 
from  different  parts  of  the  corona.  The  observer,  however,  ii  btrungly 
recouiiaended  tu  make  as  complete  an  analysis  as  possible  of  the  'red 
flame '  first  selected. 

The  observer  is  requested  to  send  in  full  all  the  details  of  the  ob- 
siTvations  as  tliev  were  taken  down  at  tlu-  tune. 

**  A  Clerk  will  he  leijum d  to  write  down  the  results  ut  the  moment  from 
the  dictation  of  tlie  observer. 

"iii.  The  use  of  the  portable  hand  spectrum-telescopes  will  be  obvious. 
The  observer  has  only  to  direct  the  instrument  to  the  sun  at  the  moment 
of  totality.  The  instrumeut  should  be  previously  focused  to  suit  the  ob» 
server,  upon  the  moon  or  some  (tistant  object*  The  hght  of  the  coronn 
and  ved  flames  will  be  dispersed  into  its  component  colours*  It  will  be 
easily  detected  whether  the  spectra  of  the  corona  and  of  the  red  flames  are 
continuous,  or  consist  of  bright  lines.  The  four  instruments  should  be 
placed  in  the  hands  of  observers  stationed  at  different  places  along,  or 
nearly  along,  the  central  line  of  the  edipse. 

*'  iv.  Observations  for  polarised  light  in  the  corona  and  'red  flames.' 

*'  A  distinct  observer  is  required  for  these  observations.  He  should  be 
famUiarwith  the  telescope  and  its  motions. 
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"  A  small  obserTiog'but,  or  temporary  place  of  shelter,  would  be  pro- 
bably neccssarv. 

"  Tt  is  rccommeaded  that  the  eyepiece  maguii'ymg  twentj-seTcn  dia- 
meters be  used. 

"  The  obsen'er  should  fix  upon  the  eye-end  of  the  telescope  a  rlisk  of 
cardljoard  some  12  or  If)  inches  diameter,  which,  near  the  cd<.'i ,  may  be 
roughly  divided  by  a  few  large  figures,  Avhich  cau  be  easily  read  in  the 
feeble  light  whicii  prerails  durlnp:  the  totality.  To  the  small  tubes  carry- 
ing the  analyzing  prisms  a  long  index  of  card  should  be  attached.  In 
this  way  the  plane  of  polarization  may  be  read  off  uotwithstaodiog  the 
feebleness  of  the  li2;ht. 

**  With  a  dark  glass  the  observer  is  to  watch  the  progress  of  the  eclipse 
until  the  whole  of  the  sun  is  obscured.  The  dark  glass  is  then  to  be  re- 
moved, and  the  corona  and  red  ilames  observed  for  traces  of  poiari2ed  hght. 

"  There  are  two  analyzers  provided. 
The  observer  is  to  use  first  the  double-image  prism  and  plate  of  quartz. 
A  slight  degree  of  polarization  will  show  itself  by  a  ditterencc  of  colour  in 
the  two  images. 

•*  An  attempt  should  then  be  made  to  determine  approximately  the 

plane  in  \viiich  the  light  is  polarized. 

"  If  polarization  is  detected  in  the  *  corona,'  or  in  any  prominence  of 
large  extent,  the  second  nnnlyzer  may  probably  be  employed  with  advan- 
tage. This  consists  of  a  Nicol's  prism  and  a  com[)uund  jdate  of  ({uartz, 
showing  Savart's  bands.  }\y  means  of  these  bands,  the  plane  of  polariza- 
tion of  the  light  analyzed  may  be  easily  obtained." 

The  obaervation  of  the  spectra  of  the  corona  and  red  protuberances 
being  one  of  connderable  delicacy,  it  was  highly  desirable  that  the  ob- 
Ber?er  should  have  some  previous  training  in  this  country,  wbOe,  on  the 
other  hand,  to  send  such  an  observer  on  purpose  would  involve  consider- 
able expense.  It  fortunately  happened  that  Lieut.  J.  Herschel  was  at  the 
time  in  this  country,  and  was  about  to  return  to  India  in  November  1867, 
to  resume  bis  duties  in  connexion  with  the  great  Trigonometrical  Surv^ 
of  that  country.  Mr.  Herschel  took  a  lively  mterest  in  the  subject,  and  at 
once,  on  being  applied  to,  undertook  the  observations  which  were  to  be 
made  with  the  large  telescope  furnished  with  the  spectroscope,  subject  to 
the  approval  of  Colonel  Walker,  Director  of  the  Surrey.  This  approval 
was  readily  given,  as  will  appear  from  the  following  letter:— 

"  Colonel  Wulker  to  General  SabinCt  August  1 7ih, 

**  Dehrfi  Doom,  viA  Bombay, 

ITtii  August,  18(')7. 

**  My  df.ar  Sir, — I  have  to  acknowledge  your  letter  of  the  o(Hh  June, 
forwarding  a  copy  of  the  Report  of  the  Connnittcc  appointed  by  the 
President  and  Council  of  the  Kovnl  Socielv,  to  take  into  consideration 
Mr.  Hennessey's  letter  of  the  l^th  February,  16C0. 
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"  I  learn  with  satisfaction  that  tlic  President  and  Council  have  decided 
on  purchasing  a  telescope  equatorially  mounted,  and  fiirniahed  with  dock- 
movement  and  a  star  spectroscope,  to  be  employed  in  a  close  examination 
of  the  physical  phenomena  which  may  be  observable  during  the  solar 
eclipse  of  next  year — also  that  other  instruments  are  to  be  pro?ided,  to 
enable  Mr.  Hennessey  to  undertake  the  researches  which  he  is  willing  to 
devote  himself  to  in  his  brief  intervals  of  leisure  from  the  professional 
duties  which  necessarily  occupy  the  greater  part  of  his  time  and  attention. 

"  I  am  glail  to  find  that  my  assistant,  Lieutenant  Ilerschel,  has  placed 
himself  ill  communication  with  the  Committee,  and  will  receive  the  fullest 
instruction  as  to  tlie  cmj)Ioymcnt  of  tlic  in-striiments. 

*'  It  will  be  a  plcrrsure  to  mc  to  do  nil  in  niy  jiower  to  carry  out  your 
wishes.  I  expect  little  or  no  diflicultv  in  the  ])ractical  arrangements  re- 
garding the  eclipse  ;  for  it  will  fortunarely  happen  during  the  recess  season, 
when  our  officers  can  be  more  easily  spared  from  their  professional  duties 
than  at  any  other  time  of  the  year. 

"  I  remain,  with  sincere  regard,  faithfully  yours, 

(Signed)  "  J.  C.  Walkeb/* 

The  instrumeotSk  both  those  for  Mr.  Hennessey  and  those  intended  to 
be  used  on  the  occasion  of  the  total  solar  eclipse,  were  ready  In  time  to  be 
sent  ont  under  the  care  of  Mr.  Herschel ;  and  the  following  letter  to  the 
Secretary,  recently  receiTcd  from  him,  announces  their  safe  arrival : — 

Ikingaloro,  Jan.  23rd,  1868. 
**  Dear  Sir, — 1  fear  I  have  hardly  done  right  in  delaying  so  long  to 
inform  yon  of  the  safe  arrival  of  the  instruments  entrusted  to  me  by  the 

Royal  Scicitty. 

**  My  present  occupations  absolutely  forbid  my  enJeavoining  to  enter 
into  details  ;  and  it  is  only  from  a  strong  feeling  that  at  least  so  much 
shuukl  be  said  that  I  sit  down  to  write  at  all,  at  a  time  when  scarcely  a 
moment     my  own. 

**  I  have  made  myself  tolerably  familiar  ukli  iUl  t(|aatorial  and  spec- 
troscope, and  with  the  appearance  of  solar,  lunar,  and  stellar  spectra,  and 
on  one  or  two  ocrnsions  have  attempted  to  obuiia  a  view  of  a  nebular  spec- 
trum— with  toll  rable  success  1  believe  ;  hut  hitherto,  whatever  time  and 
opportunit: ,  and,  I  may  add,  energy,  have  been  available,  have  been  devoted 
to  pitliniuiary  examination  and  manipulation  rather  than  actual  employ- 
ment of  the  instrumental  means.  In  some  respects  this  has  been  very 
necessary,  as  the  parts,  never  having  been  employed  together,  were  not  at 
first  capable  of  being  connected,  &c. 

"The  next  two  mouLlis  will  he  fully  occupied  by  the  work  in  which  I 
am  now  taking  a  part — the  measurement  of  a  Base-line;  and  I  cannot 
devote  more  tl im  an  occasioiml  half  hour  to  the  employment  of  the 
Society'.*}  instrunnnts. 

"  After  that,  iius^cver,  I  t^hall  have  more  leisure  and  haTing  full  permifl- 
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sion  to  regard  the  eclijise-observatious  as  a  principal  Mibjcct  of  attention, 
I  shall  have  no  excuse  tor  nut  prosccutini:;  preliminary  :n  iungcmeats,  and 
for  not  forwordiog  fuller  iuformatiou  of  my  success  or  otiicrwise. 

"  I  am,  Sir,  yours  very  truly, 

*'  J.  Hbrschbl." 

March  12, 1868, 

Dr.  WILLIAM  ALLKN  MILLER,  Treasurer  aud  Vice-President, 

in  the  Chair. 

The  following  commuBieations  were  read  i-*- 

I.  "Notes  oil  the  Chemical  Geology  of  the  GoM-tields  of 
Califoruia.'^  By  J.  Arthur  Phillii's.  Commmiicated  by 
Prof.  A.  C.  llAMSAY.    lleceivcd  February  22, 1868. 

« 

(Abstract.) 

Roeki  o/ihe  Gold-Beffitms  of  California, — ^The  great  sedimentary  me- 
tallic belt  of  California  lies  on  the  western  slope  of  the  Sierra  Nevada,  be- 
ginaing  in  the  neighbourhood  of  the  IVjuli  Pass,  and  extending  through 
the  state  to  its  northern  limit.  In  consequence,  however,  of  various  local 
circumstanoes,  different  portions  of  this  band  are  of  very  unequal  impor- 
tance as  gold-producing  districts. 

The  slates  of  the  aurifbrous  belt  have  been  shown  by  Professor  Whitney 
to  belong,  for  a  great  extent,  to  the  Jurassic  period,  although  the  oecar- 
rence  of  numerous  Triassic  fossUs  in  the  gold'*beariug  rocks  of  Piumaa 
County  and  elsewhere  renders  it  more  than  probable  that  no  ioeoosider- 
able  portion  of  the  slates  in  the  heart  of  the  gold  region  are  of  that  age. 

The  rock  constituting  the  priodpal  mass  of  the  Sierra  Nevada  is  a 
granite  containing  only  a  small  proportion  of  quarts,  and  in  which  but  one 
species  of  felspar  (oligoclase)  is  generally  found. 

Lying  between  the  baud  of  metaroorphic  slates  and  the  great  central 
mass  of  granite  forming  the  more  elevated  portions  of  the  chani«  are 
found  various  crystalline  rocks,  sueh  as  syenites,  diorites,  and  porphyries. 

Quarts  Feins. — The  matrix  or  gangue  of  the  auriferous  veins  of  Cali- 
fornia is  invariably  quarts,  which  is  generally  crystalline  in  its  structure, 
or  partially  vitreous  and  semitraosparent.  In  the  majority  of  cases  the 
quartz  constituting  an  auriferous  veinstone  is  ribboned  in  such  a  way  as 
to  form  a  succession  of  layers  parallel  with  the  walls  of  the  lode  itself;  and 
some  one  or  more  of  these  laminaD  are  not  unfrequently  far  more  produc« 
live  than  all  the  others.  In  some  instances  these  parallel  bands  are  scpa- 
rnted  from  eafli  of  her  hy  a  thin  layer  of  quiirtz,  slightly  diifering,  either  in 
colour  cr  strut  turc,  from  that  forminj;  the  senm*;  themselves;  or  they  mav 
be  only  1:  :mgubhed  by  a  diiference  uf  colour  of  two  adjoining  members 
of  the  series. 
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In  nan/  cases,  however*  laminn  of  the  enolonng  slates  divide  the  vein 
ioto  distinct  bands ;  and  in  such  instances  it  will  be  obeemd  that  the  thick- 
ness of  the  interposed  fragaients  of  slate  is  Bometimes  not  g;reat6r  than 
that  of  a  sheet  of  the  thinnest  paper.  Cavities  or  druses  containing 
crystals  of  quarts  occur  iu  all  the  auriferous  veins  of  the  country ;  and  a 
certain  amount  of  crystallization  may  also  not  unfrequently  be  remarked 
along  the  lines  of  junction  of  the  several  bands  of  which  a  vein  is  composed. 
In  addition  to  ordinary  quartz,  in  a  more  or  less  crystalline  form,  amor- 
phous hydrated  silica,  or  semiopal,  and  chalcedony  are  occasionally  met 
with  t  in  some  instances  the  opal  is  interfoliated  between  layers  of  true 
quart?!,  and  is  sufficiently  auriferous  to  repay  the  expenses  of  treatment. 

The  metallic  minerals  enclosed  iu  the  gangue  of  auriferous  veins  are 
ordinary  iron  pyrites,  blende,  and  galena,  and,  less  frequently,  arsenical 
pyrites,  magnetic  and  copper  pyrites,  and  cinnabar.  These  sulphides 
im'ariably  contain  gold ;  and  veins  in  which  some  one  or  r»}orc  of  them 
doe.«;  not  occnr,  in  considerable  amounts,  are  not  regularly  and  lastingly 
productive. 

Near  the  surface  t!io  iron  pyrites  and  other  sulphides  become  decom- 
posed by  the  action  of  air  and  the  percolation  of  meteoric  water  through 
the  mass,  staining  the  quartz  of  a  red  or  brown  colour,  and  leaving  the 
gold  in  a  free  state.  Under  such  circumstances  numerous  cubical  moulds 
of  iron  pyrites  arc  found  in  the  veiii3t.uiie  ;  auti  although  this  mineral  has 
been  entirely  renrnved  by  chemical  action,  tiie  cavities  left  coutaiu  finely 
divided  gold,  obviously  liljerated  l)y  the  decomposition  of  pyrites. 

Beneath  the  line  of  natural  drainage  of  the  country  the  sulphides  remain 
imdccomposed  ;  but  if  rock  containing  pyrites  be  placed  iu  nitric  acid  the 
sul))hide  becomes  dissolved,  and  hnL-ly  divided,  crystalline,  or  filiform 
gold  will  partially  occupy  the  resulting  cavities. 

In  one  of  the  detnt  fl  beds  in  lUc  vicinity  of  the  village  of  Volcano  in 
the  County  of  Aniadui,  and  elsewhere,  distinctly  marked  quartz  veins 
may  be  observed  cutting  through  the  gravel,  and  evidently  formed  by  the 
action  of  water  holding  silica  in  solution. 

Attention  has  also  been  recently  directed  to  bands  of  anriferons  slate 
found  in  the  copper-bearing  belt  west  of  the  main  gold-belt  of  the  State, 
and  in  the  foot  bills  of  the  Sierra.  In  thia  locality  the  gold,  instead  of 
being  obtained  from  a  well-defined  vein,  chiefly  composed  of  ordinary 
quartz,  is  enclosed  in  a  band  of  siliceous  slaty  rock,  eitcnding  north-west 
and  south-east,  and  dipping  in  conformity  with  the  other  strata  of  the 
district. 

The  number  of  fluid-cavities  contained  in  the  veinstones  of  the  anriferons 
lodes  of  California  Is  seen  under  the  microscope  to  be  exceedingly  limited  s 
and  in  order  to  obtain  sections  aflbrding  good  examples,  even  of  small  sise, 
it  is  necessary  to  select  such  bands  as  may  be  more  than  ordinarily  crys- 
taltine,  or  to  operate  on  thin  fragments  of  crystals  sometimes  found 
luungthe  interior  of  drusy  cavities.  In  the  more  opaque  and  generally 
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most  auriferous  portions  of  veins,  (lie  cavities  are  numerous  but  exceedinir^y 
fcniall,  and  are  often  so  opaque,  apparently  rendered  so  by  being  iuteruallj 
coAted  with  a  lining  of  clay,  that  no  vacuities  can  be  distin^nislicd. 

Out  of  more  than  fifty  sections  of  veinstone  examined,  only  some 
or  seven  were  Iband  to  coiitani  lluld-cavities  of  sutiicinit  size  to  admit  of 
any  attempt  at  accurate  incasurcment  by  means  of  ordinary  appliances  ; 
but  in  all  cascii  there  appeared  to  be  considerable  differences  in  the  rela- 
tive dimensions  of  the  vacuities  and  tlio  enclosing  cavities,  and  the  tern* 
jieratures  at  which  they  severally  !)( came  filled  were  consequently  ascer- 
tained by  direct  ixi  erinient.  In  t  \  ery  instance  they  were  fouiul  to  reqiiire 
very  ditferent  degrees  of  heat  to  become  full,  since  in  the  same  specimens 
some  of  the  vacuities  disappeared  at  180^  Fahr.,  others  filled  at  tempera- 
tures slightly  above  that  of  boiling  water,  whilst  many,  though  much  re- 
duced in  J^i^e,  remained  perfectly  visible  at  3(i  j°  Fahr. 

Alluvial  JJeposits. — Although  a  very  large  amount  of  the  gold  annually 
obtained  was  no  doubt  originally  derived  from  auriferous  veins,  not  more 
than  about  one-third  of  the  precious  metal  collected  is  procured  directly 
from  that  source.  The  larger  proportion  of  the  gold  now  brought  into 
the  market  is  derived  from  alluvial  diggiii^>,  in  which  it  is  separated  by 
washing  from  the  clay,  sand,  and  gravel  witii  which  it  is  associated. 

This  gold-bearinsr  drift  belonirs  to  at  least  two  distinct  geological  epochs, 
both  cornpiuutivelv  modern — ailhnn^h  the  latter  period  is  distinctly  sepa- 
rated from  the  earlier,  its  materials  l)i  In^  eliiefly  derived  from  the  dii>mlc- 
gration  and  redistribution  of  the  older  de|u)Mt!i, 

In  California  the  more  ancient  (]e|)<tsits  or  "deep  placers*'  are  referable 
to  a  river-system  different  from  that  which  now  exists,  flowing  at  a  higher 
level,  and  frequently  nearly  at  right  angles  to  the  direction  of  the  main 
valleys  of  the  present  period. 

The  deep  placers  are  in  many  localities  covered  by  a  thick  capping  of 
lava;  and  the  eruptive  matter  covering  them  often  occurs  in  the  form  of 
basaltic  columns,  beneath  which  arc  found  the  layers  of  sand,  gravel,  and 
boulders  with  which  the  gold  is  associated.  The  wood  which  occurs  in 
these  gravel-beds  is  either  beautifully  silicitied,  or  is  replaced  by  iron 
pyrites. 

In  the  more  clayey  strata  of  these  deposits  leaf-beds  and  inijurssions  of 
leavei  are  iiuL  uutre(]tii-n;ly  found  •.  aiul  an  examination  of  these  iiiatle  Lv 
Dr.  Newberry  atuhoiizes  the  eouilu-ien  th:;t  the  auriferous  deposits  1\  ing 
beneath  the  lava  are  of  ttiiiary  age,  and  that  they  jirobablv  belong  to  the 
later  Pliocene  epoch.  M'atcr-worn  gold  is  disseminated  ihrouirhuuL  the 
whole  mass  of  these  deposits,  not,  however,  with  uniforiri;t\ ,  hut  always  in 
greater  abundance  near  the  bottom,  and  more  particuhuly  ui  dueet  contact 
with  the  '*  bed  rock,"  which  is  invariably  grooved  and  worn  by  the  action 
of  water. 

The  materials  of  which  these  deep  placers  are  composed  are  frecpionlly 
consohdatcd  into  a  sort  of  hard  concrete,  by  being  iiruily  bound  together 
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by  crystalline  iron  pyrites ;  and  sometimes  this  cementing  material  consists 
either  of  carbonate  of  lime  or  silica.  The  silica  is  rarely  met  with  ia  a 
crystalline  form  ;  but  near  Kenebeck  Hill  a  cavity,  resulting  from  the  junc- 
tion of  seTenil  pebbles,  was  found  completely  lined  with  welUdefined  crystals 
of  quarts.  These  did  not  show,  under  the  microscope,  the  usual  fluid- 
carities  of  quarts  of  the  ordinary  quartz  Teias  of  the  coontry. 

Where  the  cementing  material  of  the  conglomerate  chiefly  coniists  of 
pyrites,  the  enclosed  tninks  of  trees  are  usually  replaced  by  that  mineral, 
although,  of  two  pieces  of  wood  lying  in  close  proximity  to  each  other, 
one  may  have  beeome  silieified,  whilst  the  other  is  replaced  by  iron 
pyrites. 

The  assay  of  several  specimens  of  the  cementing  pyrites  showed  that  it 
invariably  contained  a  certain  but  yery  variable  amount  of  gold.  In 
order  to  ascertain  whether  this  exists  in  the  form  of  water-worn  grains 
mechanically  enclosed  within  the  sulphide,  or  in  the  form  of  spongy,  crys- 

tnlline,  and  filamentary  particles,  similar  to  those  met  with  in  the  pyrites 
of  auriferous  veins,  various  samples  were  dissolved  in  nitric  acid,  and 
the  residues  aflerwards  subjected  tu  microscopical  examination.  In  this 
way  granules  of  the  precious  metal,  which  had  evidently  been  worn  by  the 
action  of  water,  were  detected,  whilst  others  appeared  not  to  have  been 
subjected  to  such  attrition.  Mr.  Ulrich  states  that  in  the  gold-drifts  of 
Australia  pyrites  is  often  found  replacing  roots  and  driftwood,  an  I  that 
samples  have,  on  assay,  yielded  from  a  few  pennyweights  to  several  ounces 
of  gold  per  ton. 

Hot  Springs. — Hot  and  boiling  springs  are  exceedingly  numerous 
throufjbont  California ;  nnd  considerable  accunmlations  of  sulphur,  to- 
gether with  evidences  of  extensive  solfatara  action,  are  met  with  in  different 
sections  of  the  State. 

The  must  rdiiarkribie  instance  on  the  Pacitic  coast  of  tlu'  actual  growth, 
on  a  large  scale,  and  at  the  present  time,  of  mineral  veins  is  probably  that 
afforded  by  the  boilinc:  springs  in  Steamboat  Valley,  about  seven  mUes 
north-west  of  the  great  Conistock  silver  vein  in  the  State  of  Nevada. 

These  springs  are  situated  at  a  height  of  about  5000  feet  above  the 
level  of  the  sea,  at  the  foot  of  the  eastern  declivity  of  the  SieiTa  Nevada. 
The  rock  in  this  locality  presents  several  straight  and  parallel  fissures, 
either  giving  out  heated  water  or  simply  ejecting  ^team.  The  first  group 
of  crevices  comprises  five  longitudinal  springs  extC  Lidinn;  in  a  straight  line, 
and  parallel  to  each  other,  for  a  distance  of  above  30U0  feet.  These 
fissures  are  partially  filled  by  a  siliceous  incrustation,  which  is  being  con- 
stantly deposited  on  the  sides,  whilst  a  longitudinal  central  crevice  allows 
of  the  escape  of  boiling  water  or  steam.  On  the  most  eastern  of  these 
lines  of  fracture  are  five  active  centres  of  eruption,  from  wliich  boiling 
water  is  sometimes  ejected  by  the  force  of  steam  to  a  height  of  from  8  to 
10  feet.  These  waters  are  alkaline,  and  contain,  in  addition  to  carbonate 
of  soda,  the  sulphate  of  that  base,  together  with  chloride  of  sodium. 
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There  is  also  every  win  re  nn  escape  of  carbonic  acid,  wliilst  t  roin  son.e 
placps  sulplinrf'tted  liydrogen  is  also  evolved.  These  products,  oo  arriviiig 
at  the  surtace,  give  rise  to  the  deposition  of  sulphur,  sihcn,  and  mihydrons 
oxide  of  iron.  The  sihcn  and  oxide  of  iron  form  scmicrystalliiie  hjiiids 
parallel  with  the  ot  the  fissures;  and  spongy'  deposits  accumulate 
around  some  of  tiie  points  of  must  active  emergence. 

At  a  consideruhle  di'-tance  to  the  west  of  those  above  described,  a  fissure 
having  the  same  orip;iii  is  ol)served  ;  but  this  is  no  longer  travor^td  ]>y 
currents  of  iiot  water,  althongli  it  still  gives  off  steam  and  carbonic  arid 
at  various  points  throiiLijhout  its*  extent.  At  its  northern  extremity  a  ce:  r  ral 
fissure  ?ti11  remains  open  ;  but  in  other  localities  it  is,  for  the  most  part,  ob- 
structed l)y  siliceous  concrc  tions.    This  siliceous  rock  is  metalliferoii??,  and, 
in  addition  to  oxide  of  iron  and  manganese,  contains  iron  and  copptr  j.v- 
rites.    M.  Laur  states  that  he  also  diacovered  mi  tallic  gold  in  this  deposit. 
The  rock  enclosing  the  veins  of  Steauihoai  springs  is  granite,  which  in 
their  vicinity  is  much  decomposed,  being  often  reduced  to  a  caTcmous 
skeleton  of  silica  containing  a  few  scales  of  mica. 

AlhuUiu  Lakes. — In  that  portion  of  California  lying  on  the  east  of  the 
Sierra  Nevada  are  Mono  Lake  and  Owen's  Lake,  both  considerable  sheets 
of  water,  hii^hly  impregnated  with  alkaline  ^alts.  (Jwcu  s  Lake  lie*,  in  lat. 
30^20"  south,  long.  118^  west  from  Greenwich,  and  is  ubuut  twenty  milci 
in  length  and  eight  in  width. 

The  waters  of  this  lake  have  a  specific  gravity  of  r076,  and  coniaiu 
7128  21  grs.  of  solid  matter  per  gallon.  The  salts  held  in  solution  are 
chiefly  carlionate  and  sulphate  of  soda,  with  chloride  of  sodium;  but 
potash,  silica,  and  phosphoric  acid  are  also  prc^cui. 

The  incrustations,  which  at  certain  seasons  of  the  year  are  found  to 
the  extent  of  many  hundreds  of  tons,  consist  of  a  white  spongy  efflo- 
rescence, and  are,  as  will  he  seen  from  the  results  of  the  analysis  given  in 
the  paper,  chiefly  composed  of  carbonate  ot  soda,  mixed  with  a  Uulc  cliiu- 
ridc  of  sodium  and  sulphate  of  soda. 

General  deductions. — The  author  remarks  that,  in  the  present  state  of 
our  knowledge,  the  results  of  a  careful  examination  of  the  gold-regions  of 
the  Pacific  coast  would  appear  to  lead  to  the  following  conclusions 

a.  Quartz  veins  have  generally  been  produced  by  the  slow  deposi' 
tion  from  aqueous  solutions  of  silica  on  the  surfaces  of  the  enclosing 

b.  From  the  general  parallelism  with  its  walls  of  the  planes  of  any  frag- 
nents  of  the  enclonng  rock  which  may  have  become  imbedded  in  a  vein, 
it  18  to  be  infeireii  that  they  were  mechanically  removed  by  the  growth  of 
the  aereral  lajen  to  which  they  adhered,  and  that  a  subsequent  deposition 
of  quarti  took  place  between  them  and  the  rock  from  which  they  had 
become  detached.  In  this  way  were  introduced  the  maasee  of  rock  kaown 
as  *'  horsea." 

e.  The  foruation  of  quarta  vmrn  is  due  to  hydrothermal  agencies,  of 
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wbicli  eridcnoei  are  itill  to  be  found  in  the  hot  springp  end  reeent  metal- 
liferous veins  met  with  in  various  parts  of  the  Psdfie  coast, 

From  the  variable  temperatures  at  which  the  vacuities  in  their  fluid- 
cavities  become  filled,  it  may  be  inferred  that  thej  are  the  result  of  an  in- 
termittent action,  and  that  the  fissures  were  sometimes  traversed  by  cur- 
rents of  hot  water,  whilst  at  others  they  gave  off  aqueous  vapour  or 
g^iseous  exhalations.  This  is  precisely  what  b  now  taking  place  at  Steam- 
boat springs,  where  the  formation  of  a  vein  is  in  progress,  and  from  which 
currents  of  boiling  water  are  often  poured  forth,  whilst  at  other  times  the 
fissures  give  off  currents  of  steam  and  heated  gases  only. 

e.  That  gold  may  be  deposited  firom  the  same  solutions  which  give  rise 
to  the  formation  of  the  enclosing  quarts  appears  evident  firom  the  presence 
of  that  metal  in  pyrites  enclosed  in  sfliceous  incrustations,  as  well  as  from 
the  fact  of  large  quantities  of  gold  having  been  found  in  the  interior  of  the 
stems  of  trees,  which  in  deep  diggings  are  often  converted  into  pyrites* 

/.  The  constant  presence  of  iron  pyrites  in  auriferous  vems,  and  when 
so  occurring  its  invariably  containing  a  certain  amount  of  gold,  suggests  the 
probability  of  this  sulphide  being  in  some  way  necessarily  connected  witb 
the  solvent  by  which  Uie  precious  metal  was  held  in  solution.  It  has  been 
shown  that  finely  divided  gold  is  soluble  in  the  sesquichloride  of  iron  and, 
more  sparingly,  in  the  sesquisulphate  of  that  metal.  It  is  also  well  known 
that  iron  pyrites  sometimes  results  from  the  action  of  reducing  agents  on 
the  sulphates  of  that  metal.  If  thereforo  sulphate  of  iron,  in  a  solution 
containing  gold,  should  become  transformed  by  the  action  of  a  reducing 
agent  into  pyrites,  the  gold,  at  the  same  time  being  ledttced  to  the  me- 
tallic state,  would  probably  be  found  enclosed  in  the  resulting  crystals  of 
that  mineral. 

g.  The  silica  and  other  substances  forming  the  cementing  material  of 
the  ancient  auriferous  river-beds  have  probably  been  slowly  deposited  at  a 
low  temperature. 

The  connexion  existing  between  the  decomposition  of  granite  by  the 
agency  of  boiling  springs,  the  existence  of  alkaline  plains,  and  the  for- 
mationo  f  lakes  containing  various  salts  of  soda  and  potash^  is  too  ob* « 
vious  to  require  comment. 

II.  "Third  Supplementary  Paper  on  the  Calculation  of  the  Nu- 
merical Value  of  Euler^s  ConstaiiL  "  By  William  Shanks. 
Comnmnicated  by  the  Kcv.  B.  Price.  Received  Pcbruary  29, 
1868. 

When  n=5000,  we  have 

9-09450  88529  84436  96726  12455  33393  4:]i)39  17829 
87811  30384^  14506  162R3  86638  30530  78016  46808 
46902   09226   85495  77084+ 
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'  22.6000"' 

Comparing  the  valuei  of  E  obtained  from  taking  iiss500,  1000>  2000 
(given  in  former  papers),  and  5000  (given  in  this),  and  a$n$wtb^  that  the 
inereate  in  the  Bereral  valnea  of  E  ohtainable  from  taking  11  higher  num- 
bers vriU  be  nearly  eottetamt,  we  may  conjecture  that  thoTalne  of  the  60th 
decimal  last  found  in  £  will  be  ucreased  1  by  taking  n=5000.4;  the 
59th  place  will  be  increased  I  by  taking  iibSOOO  •  4** ;  in  like  manner  the 
58th  decimal  will  be  increased  1  by  taking  11^5000 .4**^,  and  the  57th 
also  1  when  n=5000 .  4^*^. 

It  18  certain,  howcTCr,  tliat  when  ii  is  Tety  large  we  may,  nnmerically 
■peaking^  express  £  pretty  nearly  by  Sti— log;  ii ;  and  indeed  when  n  be- 
comes infinite,  the  formula 

becomes  E=S/»— log.ii,  as  given  by  Professor  Price  in  his  'Infinitesimal 

Calculus.* 

In  the  value  of  £  last  found,  then,  we  deem  it  probable  that  at  lea»t  56 
decimals  will  remain  unchanged,  whatever  hi^h  values  be  given  to  n. 


March  19,  1868. 
JOHN  PETEE  GASSIOT,  Esq.,  Vice-President,  in  the  Chair. 

Tiot.  Thiodur  Ludwig  "Wilhelin  Biscliuif  uf  .Munich,  Rudolph  Julius 
Emmanuel  Clausius  of  W  iirzburg,  Hugo  von  Mohl  of  TtibinGrcn,  and 
Samuel  Ilcinrich  Schwabe  of  Ucssau,  were  }>ro|)ose(l  for  election  a>  Foreign 
Members;  and  notice  was  given  from  the  Chair  that  thcbe  jjeaLlL-mca 
would  be  ballotteU  for  at  the  next  meeting. 

The  following  commmiications  were  read : — 

I.  Transformation  of  the  Aromatic  Momunines  into  Acids  richer 
in  Carbon. — ^IL  On  Menaphthoxylic  Acid^  the  Kaphthaline- 
term  corresponding  to  Benzoic  Acid/'   By  A.  W.  Horn ann^ 

LL.D.,  F.R.S.    Received  March  4,  1868. 

In  a  paper  communicated  to  tlie  Royal  Society*  about  a  year  ngo,  I 
pointed  out  the  existence  of  au  acid  holding  to  naphthaline  the  snuw  re- 
Litions  which  obtain  between  ben2oic  acid  and  the  hydrocarbon  benzole. 
I  liave  since  pic]iMrcd  this  compound  on  a  somewhat  larger  scale,  and  I 
beg  now  to  submit  to  the  Royal  Society  some  of  the  result«  which  I  have 
obtaiued  in  its  examination. 

The  material  nsnl  m  preparing  the  new  acid  is  naphthylauune,  the  mon- 

PrgoekUngs  of  Om  JBosyal  6od«4y,  toL  xr.  p.  335. 
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amine  of  the  naphthyl  series.  This  substance,  presentiug  an  exclusively 
scientific  interest  but  a  few  years  ago,  is  now  produced  on  an  industrial 
scale.  It  is  more  especially  a  beautifully  crystallized  yellow  colouring- 
matter  (iVIancliestery  cllow),  the  dinitronapht hylic  acid^  discovered  and 
first  employed  as  a  dye  by  Dr.  Martius,  which  is  larcrcly  j Manufactured 
from  naphthylaniine.  The  base  occurring  in  commcrc€  is  lai  iVom  being 
pure.  It  is  generally  met  with  as  a  brown  fused  mass,  containing  more 
or  less  resinous  matter  aud,  more  particularly,  a  considerable  amount  of 
naphthaline.  The  purification  of  the  commercial  }>roduct  presents  some 
difficulties ;  still  tolerable  crystals  may  be  obtained  by  cryslallizatiou 
from  petroleum. 

For  the  object  I  had  in  view  it  was  unnecessary  to  purify  the  napbthyl- 
amine  of  commerce.  The  base  was  mixed  with  powdered  oxalic  acid  in 
such  proportions  as  to  prodtice  the  primary  oxalate  with  an  excess  of  free 
oxalic  acid.  Four  parts  of  naj)hthyla!nine  and  five  parts  of  crystallized  oxalic 
acid  were  found  to  yield  very  satisfactory  results.  The  operation  had  to 
be  performed  upon  rather  a  l.ir^c  scale.  After  some  trials,  a  cyanide-of- 
potassium  pot,  ptovidc  tl  with  a  cover  and  bent  tube,  proved  to  be  the  most 
convcuieut  apparatus  lor  distilling  the  mixture.  At  the  comiiK  nceminL  of 
the  operation  water  and  iiaphthalme  were  evolved ;  soon,  liuwcvcr,  an  oily 
liquid  appeared,  solidifying  on  cooling,  and  consisting  of  a  mixture  of  naph- 
thyl/ormamide,  napht/ii/loxamide,  oxalate  ofuapiithylamine,  naphthijlamine, 
and  naphthaline.  This  distillate  was  transferred  to  one  of  the  large  two- 
necked  stone- ware  bottles  which  are  used  for  condensing  nitric  acid,  mixed 
with  concentrated  hydrochloric  acid,  and  submitted  to  the  action  of  a  power- 
ful current  of  steam,  care  being  taken  to  condense  the  steam  by  a  spiral  sur- 
rounded with  water.  Together  with  the  water  large  quantities  of  a  dark- 
brown,  almost  opaque  oil,  heavier  than  water,  were  thus  obtained.  For 
this  oil,  which  a  more  minute  examination  proved  to  be  the  compound  I 
was  eudeavooriog  to  prepare,  I  propose,  in  ftoeordAiice  with  ita  composi- 
tion, the  name  of  cyanide  of  naphthyL  It  itiU  contained  appreciable 
quantities  of  naphthaline.  In  the  main,  however,  the  reaction  had  taken 
place  exactly  in  the  same  manner  as  in  the  case  of  aniline  and  tolnidine» 
the  deportment  of  which  I  have  deaeribed  in  my  previona  paper*. 

In  Uie  first  place,  the  primary  oxahite  of  naphthylamine  had  been  con- 
Terted  into  naphtylformamide, 

C,.H,]  C  H  0] 


N  +  H,0  +  00, 


which,  losing  one  molecule  of  water,  had  in  the  second  stage  of  the  opera- 
tion fioiniished  ejanide  of  naphtbyl, 

C  HO) 

H  i 
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The  juirlficfltion  of  the  crude  product  presented  no  difllicuHT.  The  oil 
was  separated  from  the  water  by  ether,  and,  alter  the  ether  had  been  eva- 
porated, submitted  to  distillation.  Between  218°  aiid  220"^  the  thermo- 
meter became  stationurv  ;  the  fraction  distilling  at  tlmt  temperature  solidi- 
fied on  cooliiit:,  and  cxhibite<l  the  boiling-point,  fusin^-puiut,  and  the  other 
properties  of  uaphthahne.  The  thermometer  tiieu  rose  rapidly  to  '2[){}^\  and 
the  whole  liquid  had  distilled  before  the  thermometer  reached  3UU~.  Tiic 
liquid  distilling  between  290^  and  300°  was  of  a  light-yellow  colour,  and 
of  a  peculiar  aromatic  odour ;  after  standing  for  twenty-four  hours  in  a 
cold  room,  it  likewise  solidified  to  a  crystalline  mass.  On  immersion  in 
a  frigorific  mixture,  solidification  immediately  took  place  ;  once  solidified, 
the  compound  no  longer  litjucfied  at  the  ordinary  temperature.  The  new 
ooropound  thus  obtained  is  easily  solnhle  in  alcohol ;  the  crystals  which 
on  evaporation  separate  from  this  solntion  are  abtolntely  pure.  On  adding 
water  to  the  alcoholic  solution  the  hody  separates  as  an  oil,  which  after  a 
few  moments  solidifies  to  a  confused  mass  of  crystals.  These  erystala  fbsa 
at  ;  fused  and  resolidified,  the  substance  is  hcanrier  than  water;  its 
boiling-point  is  296*'*d  (corr.). 

The  new  compound  represents  in  the  naphthyl-series  the  henzonitrile  in 
the  benzoic  series.  Its  composition*  as  has  already  been  pointed  out  in  the 
equation  exhibiting  its  formation,  is  represented  by  the  formula 

On  dissolving  the  nitrile  in  an  alcoholic  solution  of  soda,  comparatively 
little  ammonia  is  disengaged  i  but  addition  of  water  to  the  solution  shows 
at  once  that  the  nitrile  has  tindprgone  transformation.  The  crystals  which 
are  precipitated  are  far  less  fusible  and  soluble  than  the  nitrile.  By  one  or 
two  recrystallizations  from  boiling  alcohol  they  are  obtained  in  a  state  of 
perfect  purity.  Thus  prepared  they  are  fine  white  needles,  fusing  at  244^ 
(eon,),  and  subliming  at  a  high  temperature.  Analysis  has  proved  these 
crystsis  to  have  the  composition 

C,.H,NO  -  C.  ILN  +  H,0, 

thus  showing  that  they  are  the  amide  corresponding  to  the  nitrile,  from 

whieh  they  are  derived  by  the  accession  of  I  molecule  of  water. 

I  lia\e  mentioiRd  iliat  the  transformation  of  the  nitrile  into  the  amide  is 
aLti  iided  by  an  evolution  of  amiuonia.  This  evolution  is  obriously  due 
to  the  further  ehanp:e  of  tlie  amide.  Assiiiiilating  a  second  molecule 
of  water,  this  iiub:iLauce  gives  rise  to  the  formation  of  ao  ammouium- 
salt, 

which  in  its  turn  is  converted  into  the  sodium  compound  with  evolution  of 
ammonia.  Indeed,  on  adding  hydrochloric  acid  to  the  alkaline  solution,  an 
abundant  precipitate  of  a  beautifully  crystalline  acid  is  obtained,  the  pro- 
perties of  which  strongly  resemble  those  of  benaoic  add.  It  is  wcm^j 
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necessary  to  state  that  the  difficultlv  soluble  amide,  wlu  u  snhrnitted  to  the 
protracted  action  of  boiling  soda,  is  ultimately  eotireljf  couverted  into  the 
new  acid. 

Of  the  three  substances  nuMitioned,  the  acid  is  by  far  the  most  interest- 
ing, forniiug  as  it  does  the  starting-point  of  a  new  group  of  conipoundn,  tlie 
number  and  variety  of  which  can  scarcely  be  inferior  to  that  of  benzoic 
acid.  It  thus  bi  ( iime  desirable  to  prepare  the  acid  on  a  larger  scale.  For 
this  purpose  it  waa  not  necessary  to  enni|>lay  the  nitrile  or  the  amide  in  a 
state  of  perfect  purity.  The  crude  nitrile  had  simply  to  be  boiled  for  some 
time  with  alcoholic  soda,  care  being  taken  to  condense  the  vapours,  so  as  not 
to  lose  any  nitrile  by  evaporation.  M'hen  ammonia  was  no  longer  evolved  the 
alcohol  was  boiled  off,  and  the  alkaline  liquid  filtered.after  cooling,  whereby 
small  quantities  of  naphthjlamine  were  separated.  The  brown  liquid,  when 
decomposed  bj  hydrocfakwie  add,  fbnushed  an  alnmdant  eutdy  pfcdpltate, 
consuting  of  the  Dew  acid.  It  was  washed  with  cold  water  and  recrystal- 
lised  partly  firom  boiling  water  (tnwhieb  ttisTery  sparingly  soluble),  partly 
from  hot  alcohol  (by  wluch  it  is  copiously  dissolred).  Thus  purified,  the 
new  acid  presents  itself  in  the  form  of  white  needles,  which  fhse  at  l&f  C. 
Ftised  and  resolidified,  the  new  compound  is  heavier  than  water.  When 
heated  beyond  its  fusing-point  the  new  acid  sublimes.  The  boQmg-point 
IS  considerably  above  300°.  The  add  is  nearly  inodorous  and  tasteless ; 
when  heated  it  feebly  evolves  the  odour  of  naphthaline ;  its  vapour,  like 
that  of  bensoic  add,  irritates  the  respiratory  organs.  The  solutions  of  this 
add  have  a  distinct  action  upon  litmus-paper,  and  decompose  with  facility 
(more  especially  on  heating)  the  alkaline  carbonates. 

In  accordance  with  a  prindple  of  nomenclature  which  I  proposed 
•ome  time  ago,  I  will  designate  the  new  add  by  the  name  menaphthoxyiie 
or  naphthaline-carboxylic  acid.  In  this  case  the  amide  receives  the  name 
menaphthoxylamide,  the  nitrile  that  of  menapkthenyfmtrile. 

I  may  be  permitted  bfiefiy  to  mention  some  of  the  observations  which, 
in  studying  the  new  compound,  I  have  already  been  able  to  collect. 

It  has  been  stated  that  the  nitrile  fixes  water  with  facility.  It  could  not 
be  doubtful  that  in  like  manner  it  would  also  combine  with  sulphuretted 
hydrogen.  Indeed,  when  dissolved  in  alcoholic  sulphide  of  ammonium, 
and  exposed  for  some  hours  to  a  temperature  of  100°,  tlie  nitrile  absorbs 
one  molecule  of  hydrosulphnric  acid,  being  converted  into  a  beautifully 
crystalline  body,  easily  soluble  in  alcohol,  which  fuses  at  12G%  and  has  the 
couiuoiiition 

e,,H,NS  =  c„H,N  -f  n,s. 

This  substanre  is  menaphthosuJphtjlamide,  corresponding  to  thioben- 
7.amide,  the  sulphuretted  derivative  of  beuzouitrile  discovered  by  M. 
Cab  ours. 

I  have  examined  menaphtlioxylic  acid  somewhat  in  detail.  Like  benzoic 
add,  to  which  it  has  a  strongly  marked  family  resenr  blanre,  it  is  a  ludiio- 
ba«ic  acid.    The  siiver-talt  is  a  white,  scMrcely  crystHlline  precipiuic, 
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nearly  insoluble  In  water,  whirb  \<i  obtained  when  the  ammoiiiuin-falt ii  de> 
composed  bjr  mtrate  of  silrer.    its  composition  is 

The  barium-  and  ealeimm-MaUi  are  crystalline  compound?,  difficultly 
soluble  in  writer,  easily  obtained  by  double  decomposition,  and  purified  by 
crystallization  from  boiling  water. 

The  barmni-solt  forms  white  needles  whicb«  when  dried  ui  vacuo,  exhibit 
the  composition 

c;;h:b' o;}  + 

At  no*  the  salt  loses  its  water. 

The  calcium -salt  aUo  crystallizes  iu  needles.  The  analysis  of  the  vacuum- 
dry  salt  led  to  the  formula 

c;:n:Ca"o;}  +2H.O. 

At  110°  tho  salt  beoonies  fiiilivflrniis. 

The  copper-aalt  and  the  iead-sait  are  respectifely  green  and  white  pre- 
cipitates. 

Highly  characteristic  is  the  deportment  of  the  acid  when  it  is  submitted 
to  the  action  of  caustic  baryta.  Faithful  to  the  traditions  of  benzoic  acid, 
mtiiaphthoxylic  acid  splits  into  carbonic  acid  and  uaphthaliney 

c„H,o,  =  cjr,  -f  CO,. 

The  naphthaline  tluis  obtained  possesses  the  fusing-point,  and  the  properties 
in  general  of  the  hydrocarbon  formed  in  the  distillation  of  coal. 

iMenaphthoxalttteof  calcium,  when  submitted  to  the  action  of  heat,  yields 
an  aromatic  distillate  which  gradually  solidifies  to  a  crystalline  mass,  pro- 
bably tlie  ketone  of  the  series. 

Nil nc  arid  (rives  rise  to  the  formation  of  a  beautiful  nitro-acld ;  when 
l>oiled  with  very  concentrated  acid,  mciiaphthowlic  acid  i*«  trnn -tunned into 
a  didicultly  soluble  crystalline  compound  which  is  no  loni;.  r  ucid. 

Some  experiments  on  the  chloride  corresponding  to  ilie  acid,  and  aome 
of  the  derivatives  of  the  chloride,  may  still  be  brictly  here  recorded. 

On  mixing  four  parts  of  meaajduhoxylic  acid  (fused  and  powdered  after 
solidification)  with  live  parts  of  pentachloride  of  phosphorus,  the  two  com- 
pounds begin  to  act  upon  each  other  at  the  common  temperature.  The 
mixture  becomes  liquid,  and  disengages,  when  gently  heated,  abundant 
quantities  of  hydrochloric  acid  and  oxychloridc  of  phosphorus.  The  boiU 
ing-point  of  the  liquid  rapidly  rises  to  300''  What  distib  between  296^ 
and  298^  is  the  pure  chloride  of  menaphthorylic  acid,  the  boiling-point  of 
which  b  pretty  accurately  29r**5.  Menaphthoxylic  chloride  b  a  liqu^  at 
the  common,  a  solid  at  low  temperature ;  it  has  the  compooltion 

C„H,OCl, 

and  exliibits  the  dt j)i irlment  of  the  aromatic  chlorides  in  general.  When 
exposed  lo  the  atmospiicru  it  absorbs  moisture,  being  gradually  transformed 
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into  menaplithovvHc  and  hydrochloric  acids.  Addition  of  water  produces 
thia  effect  iustantimcoasly. 

.  Ill  contact  with  ammouia  the  chluridc  i.s  ronvcr  tet]  into  m^napht  hoxylamide, 
with  all  the  propt  rt  ies  of  the  compouud  generated  the  action  of  alco- 
holic soda  upon  the  uitrile. 

The  action  of  aniline  upon  the  chloride  gives  rise  to  the  formation  of 
menaplUhosylphenylamide, 

C„H,01 
C,,H,,NO  -  C,H,  In, 

H  J 

white  crystals,  insolikble  in  water,  nadily  aokble  in  akohol,  easily  puri- 
fied by  crystallisation.   Tbdr  ibsing- point  is  160*. 

When  aniUne  is  replaced  by  naphtbylamine,  the  corresponding  naphth- 
ylaied  compound,  mmaphikoxylnaphth^flam^t  is  produced, 

C„H,0 


,H,  In, 

H  J 


ciystalltne  powder,  insoluble  in  water  and  beniole,  difficoltlj  soluble  in 
alcohol.   It  fuses  at  244**  (corr.). 

On  treating  nienaphthozylic  chloride  with  absolute  alcohol,  the  eMy/- 
eMsr  of  monuphikogyUo  aeid  is  ibrmed. 


aromatic  liquid,  insoluble  in  water,  boQing  at  309^  (corr.). 

I  have  also  prepared  the  tmhydride  of  menaphtkoxylie  srcuf  by  submitting, 
according  to  6erbardt*s  method,  the  chloride  to  the  action  of  a  menaph- 
thoxylate.  For  this  purpose  the  caldum-salt,  dried  at  1 10",  was  mixed 
with  an  equivalent  quantity  of  the  chloride,  and  maintained  for  some  time 
at  140";  it  is  insoluble  in  water,  difficultly  soluble  in  alcohol,  and  easily 
soluble  in  ether  and  bensoL 

In  conclusion,  I  beg  to  express  my  thanks  to  Mr.  Cornelius  O'SuIlivan 
for  the  lealons  assistonce  which  he  has  given  me  in  performing  these 
experimente. 

Since  in  njy  lirst  communication  to  the  Royal  Society  I  pointed  out  the 
existence  of  menaphthoxylic  acid,  this  substance  has  been  produced  by 
another  reaction  which  appears  to  be  more  advantageous  than  the  process 
described  in  the  preceding  paper.  By  distilling  a  sulphonaphthylaie  with 
cyanide  of  potassium,  M.  V.  Herz*  has  obtained  an  oil  possessing  the 
composition  and  the  properties  of  the  cyanide  of  naphthyl  as  obtained  by 
treating  naphthylamine  with  oxalic  add, 

C,„1I,KS0,  +  KCN  =  K,SO,  +  C.JLCN. 

As  far  as  I  can  judge  from  the  statements  published  by  M.  Merz,  1  con- 

«  ZaitwhnftfilrChMiiie,U68,p.ia3. 
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gidcr  the  two  substances  identical.  Tn  alnl  ^vith  hydrute  of  potassium^ 
thia  nitrile  is  converted  into  an  acid  wiiicli  M,  Mcrz  describes  under  the 
name  of  najththaline-carljoxyric  acid.  The  opinion  expressed  by  this 
chemist,  that  his  acid  might  be  identical  with  the  one  obscTVLcl  by  myself, 
I  nrii  ludined  to  adopt,  although  there  are  still  some  few  (liscrcpaiicits  hv 
our  observations  to  be  elucidated.  M.  Merz  states  that  the  fusing-poiut 
of  his  acid  is  at  140°,  whilst  the  acid  examined  by  myself  fuses  at 
160".  la  order  to  remove,  if  possible,  this  discrepancy,  I  have,  since 
I  saw  M.  Men's  paper,  again  and  repeatedly  taken  the  fusing-point  of 
menaphthoiyHc  add,  but  alwaya  with  the  same  reeolt.  Possibly  the  fusi u^- 
potnt  of  the  acid  prepared  by  ueans  of  a  sulphonaphthylaie  may  be  found 
somewhat  higher  when  the  coropomid  is  carefully  pniiied  by  repeated 
crystallisation  from  alcohol, 

II.  ''On  the  lielatioii  of  Form  and  Dimensions  to  Weight  of 
Material  in  the  Constraction  of  Iron-dad  Shipa.^'  By  £.  J* 
Rbbd,  Chief  Conatmetor  of  the  Navy.  Commnnicated  by  Prof* 
6.  6.  8toke8>  Sec.  R.S.   Reedved  March  Z,  1868. 

(Abstract.) 

The  object  of  the  Paper  la  to  show  that  the  proportion  of  length  to 
breadth  in  a  ship,  and  the  form  of  her  water-lines,  should  be  made  in  a 
very  great  degree  dependent  upon  the  wdght  of  the  material  of  which  her 
hnU  is  to  be  constructed— that  an  armour-plated  ship,  for  example^  should 
be  made  of  very  different  proportions  and  form  from  those  of  a  ship  with* 
out  armour,  and  that  ss  the  eitent  and  thickness  of  the  armour  to  be 
carried  by  a  ship  are  increased  the  proportions  of  length  to  breadth  shouhl 
be  diminbhed,  and  the  water-lines  increased  in  fulness. 

It  is  highly  desirable  that  this  subject  should  recdve  the  attention  of 
men  of  sdenoe,  not  only  because  it  beurs  most  directly  upon  both  the  cost 
and  the  eifidency  of  fbture  iron-dad  fleets,  but  also  because  it  opens  up 
a  theoretical  question  which  has  hitherto,  I  believe,  reodved  absolutely  no 
consideration  from  sdentific  writers  upon  the  forms  and  resistances  of 
ships,  viz.  the  manner  in  which  the  wdght  of  the  material  composing  the 
hull  should  influence  the  form.  Prior  to  the  design  of  the  '  BeUerophoo,' 
the  forms  of  ships  were  determined  in  complete  dbregard  of  this  coodderar 
tion ;  and  even  the  most  recent  works  upon  the  subject  indte  the  naval 
architect  to  aim  always  at  approaching  the  form  of  least  resistance.  The 
investigations  given  in  the  Paper  show,  however,  that  the  adoption  of  a 
form  of  least  resistance,  or  of  small  comparative  resistance,  may,  in  fact, 
lend  to  a  lavish  outlay  upon  our  ships,  and  to  a  great  sacrifice  of  effidency  ; 
while,  on  the  other  hand,  the  adoption  of  a  form  of  greater  resistance  would 
contribute  in  certdn  classes  of  ships  to  greater  economy  and  to  superior 
effidttucy. 
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In  order  to  indicate  clearly,  but  approximatelv"!  only,  the  purpose  in 
tIcw,  the  author  first  considers  the  hypothetical  cases  of  a  loni::  and  a 
shorter  ship,  lioth  of  which  arc  prismatic  in  a  verfical  sense.  The  length 
of  the  louu;  '^hip  is  seven  titiira  its  hreadth,  and  its  horizontal  sections  con- 
sist of  two  triangles  set  base  to  base;  tlie  length  of  the  short  ship  is  five 
times  its  breath,  the  middle  portion  being  parallel  for  two-fifths  of  the 
length,  and  the  ends  beinj?  wedi^e-shaped.  It  is  assumed  also  that  at  a 
speed  of  14  knots  the  loiiij;  ship  will  give  a  ci  n-iant  of  GOO,  and  the  short 
ship  a  constant  of  500  in  the  Admirnlty  formula, 

speed  ^  X  mid.  section 
indicated  horse- power' 

The  dimoght  of  water  u  in  each  case  25  feet,  and  the  total  depth 

60  feet. 

It  is  iakeu  for  granted  that  the  form  of  the  long  ship  has  been  found 
satisfactory  for  a  ship  of  sach  scantlings  that  we  may  consider  her  built 
of  iron  of  a  uniform  thickness  of  6  inches,  the  top  and  bottom  being 

weightless. 

Now,  let  it  be  required  to  design  a  ship  of  equal  speed,  draught  of  water, 
and  depth,  but  of  such  increased  scantlings  (whether  of  hull  jir  )|if  r  or  of 
armour)  that  the  weight  shall  be  equivalent  to  a  uniform  tliickriess  of 
12  inches  of  iron,  the  top  and  bottom  being  wei'jrhtle^M  m  before.  First, 
the  new  ship  has  the  proportions  of  the  long  ship  ^\\  vu  to  her ;  and 
secondly,  those  of  the  shorter  ship.  In  each  case  tin  engines  are  supposed 
to  developp  seven  times  their  nomiual  horse-power,  and  to  weigh  (with 
boilers,  water,  ^c.)  1  ton  per  nominal  H  P.  The  coal-supply  in  each  case 
equals  the  weight  ot"  the  engine?,  so  tliat  both  ships  will  steam  the  same 
distance  at  the  ^nme  speed.  But  aa  the  equipment  of  the  smaller  ship  will 
be  less  weii^hty  than  that  of  llie  larger  ship,  we  will  require  the  larger  ship 
to  carry  2000  tons,  and  the  smaller  1500  tons  addltiannl  wt  ights. 

Assuming  the  breadth  extreme  in  each  case  to  be  the  unknown,  we  can, 
from  the  Admiralty  formula  given  above,  deduce  an  expression  for  the 
Indicated  Horse-Power  ;  thence,  under  the  assumed  conditions,  the  weights 
of  engines  and  coals  can  be  found ;  and  these  being  added  to  the  weights 
of  hull  (calculated  on  the  assumption  that  the  sides  are  of  12-inch  iron), 
and  to  the  weights  carried,  give  an  expression  for  the  total  displacement^ 
in  tons,  of  each  ship.  Another  expression  is  tound  for  this  displacement 
by  finding  the  weight  of  water  displaced.  The  two  expressions  are  equated, 
'  and  a  quadratic  equation  is  formed,  from  which  the  breadth  extreme  is 
determined  ;  and  from  it  all  the  other  values  can  be  found. 

The  accompanying  Table  shows  the  results  obtained  by  this  method  for 
the  two  classes  of  ships 
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Long  ship. 

Shortflr  ship. 

581  feet 

i.rioii.r. 

1  '2.'t70  tona. 

isao 

17270  „ 

342  feet 

.. 

lan:  u.r. 

7;)7<)  tons. 
132  • 
1337  „ 
I'lOO  „ 
11750  „ 

■ 

It  will  therefore  he  seen  that,  by  adopthig  the  proportions  ami  ibrm  of 
tV.e  shorter  ship,  a  ship  of  the  required  sraatUngs  and  speed  wil!  he  oh- 
taim  il  on  a  length  of  3  \2  feet  and  a  breadth  of  6S^  feet ;  whereas  it"  liie 
pro()ortions  of  the  long  ship  m  e  adopted,  the  ship,  altiiough  of  the  same 
scantlings  and  speed  only,  will  require  to  be  581  feet  long  and  83  feet 
broad,  the  steain-jiowt  r  in  lujth  cases  hdn^  as  nearly  as  possible  the  same. 

Considerations  of  this  character,  worked  out  nioie  tally,  led  the  designer 
of  the  '  Bellcro{)hon '  to  depart  so  considerabij  from  the  form  and  propor- 
tions of  the  *  Warrior.* 

The  next  part  of  the  investigation  is  based  upon  the  official  reports  of 
the  ^lea^ured  mile  trials  of  the  'Minotaur*  and  *  Bellerophon *  when  fully 
rigged,  and  upon  calculations  made  iVont  the  drawings  of  those  ships.  It 
is  assamed  that  a  prismatic  vessel  having  tlie  same  mean  draught  as  each 
of  these  ships,  and  having  the  same  form  and  dimensions  as  the  mean  hori- 
zontal section  (which  equals  the  mean  (li^i  lucement  in  cubic  feet,  divided 
by  the  mean  draught  of  water),  will  give  the  same  constant  ai  the  ship 
hereelf,  at  the  assumed  speed  of  14  knots,  which,  as  nearly  as  possible, 
equals  the  speed  obtained  by  both  the  'Minotaur'  and  '  liellerophon  *  on 
the  measured  mile.  For  each  ship  the  weight  of  the  armour  and  backing 
is  supposed  to  be  uniformly  distributed  over  vertical  prismatic  sides  of  the 
dimensions  of  the  flnnoured  sides  ;  and  the  weight  of  hull  is  similarly  dis- 
tributed over  vertical  prismatic  sides  of  the  dimensions  below  water  of  the 
mean  horizontal  section,  and  above  water  of  the  armoured  side.  The 
actual  weights  carried  by  the  ships  are  thus  transferred  to  what  may  be 
termed  representative  prismatic  Tessek,  having  the  same  constant  of  per- 
formance as  the  ships.  The  detailed  calculations  in  the  Paper  show  that 
the  weight  per  square  foot  of  the  material  in  the  hnlli  of  the  two  ships, 
when  distribnted  over  the  ridei  of  the  representative  prismatic  vessels,  is 
Ytry  nearl  J  the  same  for  both  $  and  the  same  holds  with  respeet  to  the 
weight  per  square  foot  of  armour  and  baching.  The '  Minotaur'  is  rather 
heavier  in  both  respects ;  but,  for  the  vetaons  given  in  the  Paper,  the 
means  of  the  values  found  for  the  two  ships  are  taken,  and  are  found  to  be 

W  eight  per  square  foot  of  hull  s=*l52  ton. 

,p  „  „  armour  and  backing  ='11  ton. 

The  qnestions  next  considered  are  these :  presuming  it  to  be  necessar 
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to  build  another  chip,  which  shall  also  gteam  14  knots,  carrj  the  same 
proportionate  supply  of  coal  to  eogine>power  and  proportionate  qoantities 
of  ftoKfl,  but  shall  haTe  Iter  armour  and  backing  of  double  the  weight  of 
armour  and  backing  of  the  '  Bellerophon '  and  '  Minotaur/  then  (1)  what 
will  be  the  sise,  eDgine>power,  and  cost  of  the  new  ship  of  the  '  Minotaur* 
type,  and  ha\'ing  the  same  mean  draught  and  depth  of  nrmour?  nnd  (2) 
what  will  he  the  size,  engine-power,  &c.,  if  built  on  tlie  '  Bc-llcrophon  * 
type,  and  ha\ing  her  mean  draught  and  depth  of  armour? — this  condition 
iinj)l_ving,  of  course,  that  the  same  constants  of  jjorformance  as  before 
will  be  realized  in  each  case.  On  account  of  the  great  disproporf inn  in 
pize  between  the  two  types  of  slnp,  it  is  obvious  that  tlie  smaller  one  will 
require  much  less  wciglit  of  equipment.  It  is  assumed,  therefore,  that  lite 
additional  weights  of  the  smaller  ship  (exclusive  of  engines,  boilers,  and 
coals)  amount  to  700  tons,  and  those  of  the  larger  ship  to  1 000  tons.  The 
deTclri|nd  power  of  the  engines,  proportionate  supply  cf  coal,  and  t]»p 
weigiit  oi  engines  ike,  are  taken  exactly  the  same  as  in  the  hypothetical 
case  first  given. 

By  proceeding  with  the  investigation  for  each  case  in  a  way  sumlar  to 
that  sketrlied  for  tbe  hypothetical  sbipst,  only  treating  the  breadth  extreme 
of  the  mean  horizontal  sections  of  the  ne  w  isliips  as  the  unknown,  the  fol- 
lowing results  are  obtained.  The  new  slii]>  of  the  '  Minotaur '  type  w!;ich 
ful61s  the  required  conditions  will  be  nearly  490  feet  long,  72]  feet  breadth 
extreme,  and  liaw  a  total  disj  IncLuu nt of  14,253  tons;  while  the  new  ship 
of  the  •  Belleropiion'  type  will  be  380  feet  long,  71  feet  breadth  extreme, 
and  have  a  total  displacement  of  10,.M.>U  tons.  It  thus  becomes  obvious 
that  a  correction  is  mcdtd  in  the  weight  per  square  foot  of  hull  in  the 
new  ship  of  the  'Minotaur'  type,  as  her  length  has  been  so  greatly  in- 
creased :  it  is  considered  that  an  increase  of  at  least  10  per  cent.  i»  re- 
quired ;  and  this  is  the  allowance  made.  On  the  other  hau  l,  the  new  ship 
of  the  *  Bellerophon'  type  is  still  shorter  than  the  '  Minotaur'  herself,  and 
the  displacenicjit  is  nut  much  greater  than  thu  actuul  displacement  of  the 
*  Minotaur ;'  so  that  no  currection  is  needed  iu  her  weight  per  square  foot 
of  hull.  When  the  correction  has  been  made  for  the  new  ship  of  the 
'  Minotaur  *  type,  the  final  results  in  round  numbers  are  as  foUowi  for  the 
two  dasaes  of  ship : — 


Now  pilip  of 
'  Minotaur '  type. 

NrW  •^Viip  of 

'  BeUerophuii'  type. 

dlOfoet. 

75 

13770  tona. 
im)  H.P. 

7rx»o  .. 

7100  tonB. 
6190  „ 

louo  „ 
154S0  „ 

880  feet. 
71  „ 
8620  tone. 
1080  H.P. 

7.^50  „ 
44(10  long. 
3030  ., 
2100  „ 
700  „ 

imo  „ 

Breadth  

„      araiour  and  faaeking  . . 

„         enginos  nrirl  coaJi  .... 
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Taking  the  cost  per  ton  at  i$55  (which  is  the  average  cost  per  ton  ot 
tonnage  for  the  hulls  of  armour-clad  ahips),  the  saving  made  by  adopting 
the  DOW  ship  of  the  '  Bellerophon '  type  would  amount  to  £2B3,2oO,  or 
oonsiderably  more  than  a  quarter  of  a  million  sterling.  It  most  ako  be 
conridered  that  the  ship  of  the  '  Bellerophon '  type  would  cost  lest  for 
maintenance  and  repair,  and  be  much  handier  in  action. 

The  last  investi::ntinn  in  the  Paper  is  purely  theoretical,  and  consists  of 
a  determination  of  the  dimeosiODS  which  would  be  required  in  two  ships  of 
which  the  horixontal  sections  are  curves  of  sine^  and  which  are  prismatic 
vertically,  if  they  were  built  with  the  same  weight  per  square  foot  of  hull 
(say  1  ton)  as  the  '  Bellerophon/  but  carried  twice  the  weight  of  armour 
per  square  foot  (say  ^  ton).  In  these  cases  the  bottom  is  taken  to  hare 
weight  as  well  as  the  sides ;  the  speed  for  both  is  \4  knots,  the  draught  of 
water  is  25  feet,  and  the  depth  of  the  armoured  side  24  feet.  One  of  the 
ships  is  seven  times  her  breadth  in  length,  and  the  other  is  five  times. 
Professor  Rankine^s  rule  for  the  calculation  of  horse-power  and  speed  is 
employed ;  and  the  same  conditions  of  engines  &c.  are  assumed  ns  have 
been  indicated  previously.  The  larger  ship  carries  1350  tons  additional 
weights,  and  the  smaller  900  tons. 

The  results  obtained  for  these  ships  are  as  follows,  when  expressed  in 
round  numbers: — 


Length  

Breadth   

Nominal  horae-power  

Indicnted   

Weight  of  hull  

armour  and  backing 
engines  and  ooala 

carried   

Displaoemeiit   


M 

»» 


Laiger  ibip. 

Bmrnller  ship. 

585  feet 

425  feet 

84  ,. 

8o  „ 

12G7  H.P. 

980 ILP. 

8890  „ 

6860  ,» 

7586  tons. 

5540 tons. 

6124 

44TO 

2540  „ 

1960 

la'jO  „ 

1)00  „ 

17001)  ,. 

12870  „ 

These  results  are  very  diflereiit  in  detail  from  those  obtnined  in  the 
CHscs  based  on  tlic  actual  trials  of  the  '  JJi  Ucroplion  '  and  *  inotaur.' 
The  2000  II. r.  wliich  is  needed  by  the  larger  jibip  above  the  power 
required  by  tlie  smaller  sliip,  is  principally  due  to  tlie  difTerenre  between 
the  immersed  surfaces  ot"  the  two  slii|)?,  and  is  spent  m  overcoming  t  net  ion. 
The  immer<:ed  midship  sections^  it  will  be  remarke  I,  only  differ  bjr  a  vety 
small  amount. 

This  last  investigation  scr^'CS  to  show  that,  the  theorellcal  bi  st  torni  of 
ship  being  taken,  and  tlie  most  recent  rnK-  Ix  ini;  a])|iliLd  lu  the  calcula- 
tions, the  speed  ot  14  knots  nin  be  obtained  in  the  short  type  of  ship  at  a 
surprisingly  less  cost  and  size  liian  the  Jong  type  requires ;  and  this  result 
agrees  with  that  of  the  preceding  investigation  based  on  actual  triahi. 
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March  26,  1868. 

LieuU-Qeneral  SABINE^  President^  in  the  Chair. 

PuTSiMnt  to  DOtioe  given  at  the  last  Meetmg*  Theodor  Ludwig  Withelm 
Biwhoff  of  Mniiich,  Rudolph  J.  E.  Chraniui  of  Wunhnrg,  Samuel  Heio- 
rich  Schwabe  of  Detsao,  and  Hugo  fon  Mohl  of  Tubingen,  were  balloted 
for,  and  elected  Foreign  Membeia  of  the  Society. 

The  following  oommunication  waa  read  i — 

''On  the Amoimt  and  Changea of  the  Polar  Magnetism  at  certain 
positions  in  Her  Mi^esty'a  Iron-bnilt  and  Armour-plated 
Ship '  Northumberland/'^  By  Frederick  John  Etans,  F.R.S., 
Staff-Captain  in  charj^e  of  the  Admiralty  Magnetic  De- 
])artmciit.  Communicated  with  the  sanction  of  the  Lords 
Comuiitiaioiicrs  of  the  Admiralty.    Received  March  0,  18C8. 

(Abstract.) 

The  *  Nortluuiiberland  '  is  a  ship  of  6621  tons,  hiiilt  at  Millwall,  River 
Thames  ;  head  N.  39i°  E.  magnetic,  and  completed  witli  tlie  annour-plates 
in  the  same  direction  :  the  launch  was  effected  on  1  7th  April  1866;  she 
then  lay  for  eight  mouths  iu  the  Victoria  Ducks,  head  S.  22?  W.  magnetic, 
or  in  a  direction  nearly  opposite  to  that  occupied  in  building. 

From  January  to  March  1867  she  lay  at  Sheerness  swin^ng  to  wind  and 
tide :  the  ship  was  then  removed  to  DevonporL  and  placed  in  dry  dock, 
head  S.  84**  E.  magnetic,  where  she  has  remained  till  the  present  time.  Ob- 
servations of  dcv  lation  and  horizontal  and  vertical  force  were  made  at  the 
standard  compass  (elevated  8|  feet  from  the  iron  deck,  and  17-  loet 
distant  from  the  stern),  the  poop-,  and  two  steering-compasses  (stni  board 
and  j)ort),  the  latter  being  on  the  quarter-deck  below  the  paop-cinn]iiiss, — 
the  croup  being  placed  near  the  steering-wheel,  52  feet  from  the  siLera, 
and  each  compass  -1  feet  above  its  own  deck. 

The  polar  force  at  each  compass  was  originally  directed  to  the  part  of 
the  ship  which  was  south  in  building ;  it  diminished  in  the  Victoria  Docks, 
showed  a  tendency  to  return  to  its  original  value  at  Sheerness ;  and  finally 
a  large  force  to  starboard  was  dereloped  by  the  positbn  of  the  ship  ia 
dock  for  the  lengthened  period  at  Beronport, 

Tables  are  appended  giving  the  magnetic  coefficients  for  each  compass 
from  time  to  time«  extending  from  17th  April  1866  to  10th  December 
1867. 

The  results  show  that  the  greater  part  of  the  polar  magnetism  was 
caused  by  the  snbpermanent  magnetism  of  the  whole  mom  qf  the  ehip^ 
due  to  her  position  in  building  and  afterwards :  this  polar  force  was  so 
great  as  to  require  correction  by  magnets  in  addition  to  the  usual  tabular 
corrections. 
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The  *  Northnmberland '  wr?  t!ir  subject  of  a  «ini:u]:ir  attempt  to 
"depolarize"  her,  by  the  Patentee  of  a  process  "for  an  improved  method 
of  correcting  the  deviation  ot  compasses  in  iron  ships"*. 

The  attempt  wa§  made — first,  on  tlie  Ith  August  1866,  in  Victoria  Docks, 
by  moving  electromagnets  over  the  rxtt'rnal  plates  of  the  ship,  but  without 
effect;  next  at  Sheerness,  in  .laimaty  lS(>r — a  similar  jiroccss  without  etf  cl ; 
then  by  applying  electromnrr»iL  t-  to  tlie  beams  of  the  poop-deck,  in  imme- 
diate })roximity  to  the  poop- and  two  steerifiir-comj^issC'i,  and  with  consit-ier- 
nble  effect,  as  a  jiowerful  north  pole  ot  a  subpcroiiiiitiit  quality  wa-i  de- 
veloped in  the  centre  of  those  htaui-^  (  lijout  5  fi'ct  abaft  the  coiiipasse.- ), 
producing  a  repulsive  lurce  on  the  poop-  and  steering-compasses  Hmouuiing 
nearly  to  two-thirds  of  the  earth's  force. 

By  this  the  semicircular  deviation  of  the  poop  and  port  steerinsr-c  n- 
passes  was  reduced  to  .|  of  its  original  amount,  returning,  howwi  i,  in 
the  course  of  a  year  (eleven  mouths),  as  determined  by  observations  made 
in  June,  Au^nst,  and  December  18G7,  to  .|  of  its  original  amount.  Ti«e 
deviation  ul  the  starboard  steering-compass  was  altered  slightly  in  amount, 
and  largely  in  direction  ;  but  is  now,  in  common  with  tl.iit  of  the  two  coai- 
passes  just  named,  gradually  returning  to  its  original  state. 

The  deviation  of  the  standard  compass  was  n^t  affected  by  the  oper&tions 
in  the  sHghtest  degree. 

The  **  heehng  *'  deviation  of  the  poop-compass  was  affected  in  nearly 
the  same  way  as  its  semicircular  deviation:  the  "heeling"  deviation  of 
the  starboard  steering- com  pass  was  increased ;  but  the  increase^  like  the 
deereaae  of  the  poop-compass,  was  fast  disappearing  in  December  1867. 

The  oorreetkm  by  the  "  depolarizing "  or  "  demaguetiziiig  *'  process 
was  therefore  both  imperfect  and  transient,  and  prodactiTe  of  more 
injury  than  benefit;  in  oonsequence  of  which  the  author  baa  aubmitted  to 
the  Admiralty  that  no  ao-called  "depolaritttion"  ahonld  be  allowed 
within  20  feet  of  any  compass  placed  for  the  nafigation  of  the  ship. 

*  A  full  uccount  of  this  "  (Ifpolftrizing process,  with  the  general  riew*  of  fho 
patent^^e,  will  be  found  embodied  in  two  jja|>erM  read  before  the  Ilt>yal  L'nit<Hl  Sorvioe 
Institution,  and  the  discutsioiui  thereon,  a^^  published  in  the  Joomal  of  the  Institution 
th»  fint  paper,  on  **  Terrastrial  Magnetiim  wiUi  referenee  to  the  OompeMet  of  Inm 
BbipH  ,  tlieir  deviation  and  remedies,"  read  January  20th,  1600;  the  seooad  paptr,  vm 
"Tho  l^oniapnctiAition  of  Iron  Ships,  and  of  the  iron  beams  Sus.  of  wooden  VMiacla,  to 
prevrnt  the  deviation  of  theopmpaaNf,  &0.,"  reed  May  6Ui,  1867,— both  papers  by  Stan 
iiopkuis,  Esq.,  C.E.,  F.G.a 
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Apra  2, 1868. 

Lieut.-6eiieral  SABINE^  Fresideut,  iu  the  Chair. 

Hie  foUowing  commiuucatioii  wm  Tead 

"  Eeport  of  the  Committee  on  the  IMclbournc  Telescope  to  the  Presi- 
dent and  Council  of  the  Koyal  ISociety."  Communicated  by  the 
President. 

The  Ooramittee  were  inforaied  by  Mr.  Gmbb  at  the  close  of  lait  year  that 
the  teleaoope  was  ready  for  their  final  examination ;  bnt  the  bad  weather 
whidi  has  prevailed  in  Ireland  ever  since  precluded  all  trials  of  its  optical 
power  till  February  17»  when  they  met  at  Mr.  Gmbb's  works  in  Rath-, 
mines  Road. 

1.  The  telescope  was  not  finished  at  the  time  named  in  the  contract ;  but 
the  Committee  have  ascertained  that  the  delay  arose  solely  from  nn- 
favoniable  weather^  which  not  only  impeded  the  actual  work  of  polishiog^ 
but  for  weeks  together  made  it  impossible  to  test  the  figure  of  the  specula. 
They-  considered  that  it  was  far  more  important  to  send  out  a  perfect 
instrument  than  to  keep  the  exact  time. 

2.  TheCSommittee,^tcr  minntely  and  careftdly  studying  the  mechanicsl 
details  of  the  equatorial,  have  come  unanimously  to  the  conclusion  that  it 
is  a  masterpiece  of  engineering.  Its  moTementa  are  surprismgly  smooth 
and  steady;  it  can  be  moved  to  any  portion  of  the  sky,  even  if  it  have  to 
he  reversed  from  one  side  of  its  pier  to  the  other,  in  less  than  a  mmute  h j 
two  operators  and  with  very  little  exertion. 

The  clock  is  smooth  and  equable  in  its  action,  it  is  very  powerful,  and 
quite  equal  to  its  work.  Great  change  of  rate,  as  from  sideresl  to  lunar 
time^  is  effected  by  an  ingenious  piece  of  differential  gearing ;  small  changes 
are  made  by  a  cam  adjustment ;  moreover  it  rings  seconds,  for  the  double 
object  of  comparing  its  rate  with  a  chronometer  and  to  assist  the  observer 
in  his  observations. 

3.  The  Committee  are  strongly  impressed  by  the  great  convenience  to 
the  observer  of  the  arrangements  of  the  hour  and  polar-distance  circles,  the 
facility  of  controUiDfi:  their  adjustment,  and  the  easy  access  to  the  eyepiece. 

4.  The  stability  of  the  tube  was  severely  tested,  both  in  respect  of  its 
general  stiffness  and  its  power  of  resisting  torsion,  such  as  might  be  pro- 
duced by  the  weight  of  the  small  speculum  when  the  telescope  is  off  the 
meridian ;  and  the  results  were  highly  satis&ctory. 

5.  In  laige  reflecting  telescopes  it  is  usual  to  make  provision  for  keeping 
a  given  diameter  of  the  great  speculum  always  in  a  vertical  plane.  When 
they  are  equatorially  mounted,  thb  is  done  by  rotating  the  tube  in  its 
cradle.  Here  the  tube  does  not  tarn ;  but  there  is  a  special  arrangement 
of  hoop-suspension,  by  which,  whatever  diameter  may  be  vertical,  it  is 
supported  in  a  umform  and  symmetrica)  msnner.   The  system  of  trian- 
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gulnr  leven  at  the  baek  of  the  great  •pecolnm  is  also  eontnTed  so  at  to 
prevent  them  from  exerting  any  presinre  which  might  dietort  it.  This  is 
a  matter  of  the  highett  Importance^  and  the  attention  of  the  Committee 
was  epecially  directed  to  it.  They  examined  it  most  eaiefullj,  putting  the 
telescope  in  Tarioue  positions  of  M  and  F.  D.  on  each  side  of  the  meridian, 
both  bj  day  and  night,  and  conld  not  find  any  tign  <ff  Jtemurt  or  any  dia* 
torticn  t^ihe  image  in  mijf  of  these  ehangu, 

6.  In  order  to  test  the  optical  power  of  the  second  speculqm  B  (the 
first  one.  A,  had  been  tried  and  approved  by  a  member  of  the  Com- 
mitlee  on  October  12  last),  the  telescope  was  directed  to  the  following 
objects : — ^In  the  daytime  Venos  and  a  Andromeda ;  at  itt|^i  (which 
fortunately  was  dear  and  steady)  Castor,  the  Great  Nebula  of  Orion,  I 
Orionis,  y  Andfomedie,  Uranus,  1  Messier,  37  Messier,  Messier,  and 
51  Messier,  from  which  it  will  be  seen  that  both  the  light-collecting  and 
defining  powers  of  the  iostrament  were  fairly  tried.  The  powers  used  were 
220  (the  lowest  which  can  take  in  the  entire  pencil),  350,  and  450,  all 
negatives.  Of  course  one  would  not  propose  such  an  instrument  for  the 
measurement  of  close  double  starflf,  work  for  which  telescopes  such  aS 
those  of  PoulkoTa  and  Harvard  are  possibly  better  fitted ;  but  the  Com- 
mittee found  that  the  li^ht  even  of  large  Stars  was  oollected  into  amalJ, 
hard,  and  perfectly  circular  disks,  free  from  ?«ys ;  and  though  aome 
diffused  light*  surrounded  them,  it  ^vns  exactly  concentric  with  the  central 
disks.  The  6th  and  6th  stars  of  the  Trapesiiun  of  Orion  were  not  only 
plainly  seen,  but  were  very  bright ;  ^  Orionis  was  well  showni,  and  the 
companion  of  y  AndromedsB  Was  clearly  divided  with  the  powers  of  350 
and  450,  and  the  different  tints  of  the  components  were  evident.  Uranus 
was  well  seen,  but  was  surrounded  by  such  a  multitude  of  very  minute 
^tnrs  that,  without  access  to  the  tables  of  his  satellites,  it  was  impossible 
to  know  whether  any  of  them  were  seenf.  37  M.  was  broken  into  a  heap 
of  stars  so  large  and  brilliant  that  it  quite  lost  the  character  of  a  cluster. 
The  planetary  Nebula  in  46  M.  brought  out  most  strikingly  the  light- 
coUectinp^  power  of  this  telescope ;  for  it  (which  in  most  telescopes  appeait 
as  a  faint  disk)  was  revealed  as  a  ring^  bright  even  on  the  dasshng  ground 
of  the  surrounding  stars,  which  here  were  as  brilliant  as  the  components  of 
the  Pleiades  appear  in  ordinary  instruments.  With  respect  to  the  Nebulae^ 
it  is  needless  to  say  more  than  that  Lord  Kosse  considers  its  performance 
in  bringing  out  the  details  of  the  Orion  Nebula,  1  M.  (the  Crab),  and 
61  M.  (the  Great  Spiral),  quite  satisfactory, 

7.  The  Committee  had  no  opportunity  of  testing  the  spectroseoiie  ob 

*  The  cauflu  of  Um  ditiiued  light  haa  since  becu  diBOOvered  and  reiuored. 
t  On  the  19th  of  February,  howerer,  the  OomiBittee  bad  the  advaatige  of  the 
presence  of  Mr.  Tawdl  in  the  emintiiatioo  of  Uranas  among  other  oljecCa  with  Speadimi 

A,  and,  guidtnl  In  Ill's  fABiiliarity  with  that  objectk  tbey  were  enabled  to  ntake  out  »tarR, 
tltu  position-,  of  >viiich,  \sitli  grrnt  probttbility,  ooneqponded  io  Ihsplaoes  of  ttid  two 
motl  distoDti  and  oue  of  the  n««i:«it  8ateUi(«fti 
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•tellar  or  nebular  spectra ;  but  tliej  him  tried  It  on  solar  and  electrio 
ones,  and  conaider  that  it  mil  be  veiy  effeetiTe,  from  the  solidity  of  its 
structure,  and  its  large  dispersion  combined  with  a  small  deviation. 

8.  The  balance  of  the  grant,  which  will  probably  be  absorbed  by  the 
expense  of  packing  the  instrument  for  removal,  was  not  sufficient  to  justify 
the  Committee  in  ordering  a  photographic  apparatus  which  should  be 
worthy  of  the  telescope ;  but  some  trials  have  been  made  with  a  makeshift 
affiur,"  which  confirm  them  in  their  opinion  that  it  is  most  important  to 
turn  to  account  the  photographic  power  of  this  magnificent  instrument, 
not  only  for  the  moon,  bnt  for  the  planets  and  the  tun.  On  two  or  three 
occasions  Castor  and  the  moon  were  taken  with  this  temporary  apparatus  t 
as  to  the  star,  its  components  impressed  their  images  in  good  measurable 
duks  in  times  varying  from  two  to  dght  seconds  ;  with  respect  to  the 
mooir,  on  February  1,  when  she  was  seven  days  old,  and  the  air  good,  a 
remarkably  hard  and  sharp  picture,  full  of  minute  details,  was  obtained, 
which  exhibits  so  strongly  the  great  photographic  power  of  the  instrument, 
that  they  would  regard  it  as  a  serious  loss  to  science  if  this  was  not  most 
.'fully  brought  into  action.  This  is  the  more  desirable  because  lunar  and 
>solar  photography  would  utiliie  a  considerable  ])ortion  of  time,  during 
which  the  observing  of  nebulae  is  impossible.  After  full  inquirj',  the  Com- 
mittee find  that  the  cost  of  the  necessary  apparatus  for  this  work,  including 
a  TTiicromctcr  for  measuring  tlistanccs  and  positions  on  the  photographs 
(like  that  discribeil  in  tlie  Philosophicrtl  Transactions,  1862,  p.  373),  could 
he  provided  for  a  sum  not  exceeding  jt'400 ;  and  they  earnestly  hope  that 
80  valuable  an  addition  may  be  made.  They  have  been  given  to  under- 
stand that  the  Melbourne  Government  have  resolved  on  putting  a  roof 
over  the  instrument,  but  that  they  think  it  can  he  more  ecoTtoinically  con- 
structed there  than  here.  In  this  case  it  occurs  to  the  Committee  that 
the  second  form  of  roof  described  in  Dr.  Rohinf?on*s  letter  might  he  pre- 
ferable to  the  more  cutujjli-x  one  there  recomuiended ;  and  as  it  would  be 
less  costly,  the  diircicnce  uould  more  than  cover  the  exjfcnse  of  the  photo- 
grapiiii  a|i[iaiatus.  In  tlti^  hope  they  have  directed  Mr.  (  ii  ubb  to  prepare 
a  cli  tailid  plan  of  that  ui^jiaratus  and  of  the  srcoud  foini  of  voof.  The 
CoiiihiiLUe  conclude  by  stating  that  they  iiavc  no  licsitation  in  dcciaiiug 
that  the  instrument  is  perfectly  fit  for  the  work  for  which  it  was  destined. 
They  therefore  consider  that  Mr.  Grubb  has  fulfilled  his  contract,  and 
have  directed  him  to  lose  no  time  in  prepaiing  the>  necessary  cases  and 
packing  it  for  Melbourne*  They  haTS  also  instracted  him  to  ensure  it 
against  the  risk  of  fire  during  its  stay. 

The  Committee  feel  bound  to  say  that  Mr.  Grubb  has  put  a  most 
liberal  construetion  on  the  terms  of  his  contract ;  and  after  their  minute 
examination  of  the  excellence  of  the  telescope,  and  the  amount  and  per- 
fection of  the  machinery  connected  with  it  and  its  manutacture,  they  are 
conTinced  that  Mr.  Grubb  haa  been  more  influenced  by  the  desire  of  pro- 
ducing a  perfect  instrument  than  by  any  prospect  of  poeuniary  advantage, 
and  can  scarcely  realise  the  possibility  of  giving  so  much  fof  the  sum 
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named  in  the  contract,  especially  when  it  is  considered  that  special  works 
had  to  be  erected  for  the  purpose  of  constmcting  the  telescope. 

R088E, 

T.  R.  Robinson,  D.D. 
Foh.  19, 1808.  Warren  De  la  Rue. 

P.S.  March  7tli,  1S()S. — I  would  strongly  recommend  thnt  ihe  photo- 
graphic apparatus  should  be  fitted  to  the  telescope  before  it  leaves  Ireland. 

Warren  de  la  Rue. 

The  Society  then  adjonnied  om  the  Easter  Recess  to  Thnradav,  Apifl 

23,  1868. 

Apnl  23^  1868. 

Dr.  WILLIAM  ALLEN  MILLER,  Ti«aaiirer  and  Viee-FMiden^ 

in  the  Chair. 

The  following  commuuications  were  read  : — 
1.  ''On  the  Geographical  and  Geological  Relations  of  the  Fauna 
and  Flora  of  Palestine."   By  the  Rev.  H8NR7  Baker  Taia- 
TRAUi  M.A.,  F.6.S.   Communicated  by  P.  L.  Sclatbb,  M«A. 
Received  March  10, 1868. 

(Abstract.) 

A  detailed  examiiuUiou  of  the  fauna  and  liora  exhibits  results  remark- 
ably in  accordance  with  the  views  expressed  by  Mr.  Sclator  and  Dr. 
Gihitlii  1  on  the  geographical  distribution  of  species.  Palestaie  forms  an 
cxticiiie  southern  province  of  the  Palsearctic  region. 

In  every  class,  huvsevcr,  tliere  are  a  group  of  peculiar  forms,  which  can- 
not be  explained  simply  by  the  fact  of  Palestine  impinging  closely  on  the 
Ethiopian,  and  more  distantly  on  the  Indian  region,  but  which  require  a 
reference  to  the  geological  history  of  the  country. 

The  results  of  the  examination  of  the  collections  made  in  1864  by  the 
expedition  assisted  by  the  Royal  Society,  may  be  tabulated  thus  : — 


Indian,  inoliiding 

Total.  BalMUfdie.  Ethiopian,  those  which  are  FMuliar. 

also  Sthiopiao. 

Mammalia:               82          41        30*      ,      13  7 

Aves                        326        258        36t             14  27 

Reptilia                     48          25        13J              2  4  J 

Pisces,  flttviatile .    17           1         3              3  IOH 

MoUnsea                146         48         8              2  81 

Flora,  general   963^ 


Flora,  Dead-Sea  basin 
(Phanerogamic)..  113         27        71**  26  3 

»  Of  which  9  urc  also  Indiiw,  t  Of  which  8  are  also  Indian. 

X  Of  which  1  is  also  Indian.  §  Aiid6  othort  Axatio,  bat  not  Indian. 

II  Of  which  ')  arc-  al^  Syrian  ami  Asia  Minor, 
\  Abutit  I'MM  apecie»  are  known  I'roiu  Pttleititxe  (Phaaerogamic). 
Of  which  20  ftMftlM  Indian. 
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Several  of  the  Eihiopian  Mammalia  are  sedentary  fbrms,  and  seem  to 
point  to  an  earlier  eetUement  tlian  acron  the  recent  deserts.  There  is  no 
trace  of  any  immigration  from  the  Indian  region.  Of  the  pecutiar  species, 
Byrast  syrtaevf  belongs  to  an  exehmefy  Eihiopian  and  isohted  type,  yet  is 
spedfioaUy  different  from  iU  congeners,  which  are  all  most  sedenteiy  in 
their  habits. 

The  ATifauna  is  yery  rich  in  number  of  species,  most  nneqnally  distri- 
buted. The  Ethiopian  and  Indian  types  are  almost  exclusively  confined  to 
the  Dead- Sea  basin,  excepting  only  the  desert  forms.  Tliere  are  several 
Indian  species,  as  Keiupa  eeylonetmM,  which  have  no  affinities  with  any 
Ethiopian  forms.  Of  the  |ieeii/tar  species,  besides  several  modifications  of 
well-known  Palsearctic  forms,  there  are  eleven,  belonging  to  as  many  dif- 
ferent Ethiopian  and  Indian  genera.  Three  of  these  arc  decidedly  Indian 
in  their  affinities.  The  Avifauna  of  the  Dead-Sea  I  isin  is  decidedly 
distinct  and  ^ical,  sometimes  Indian,  mora  generally  Ethiopian  in  its 
character. 

In  the  Reptilia  there  is  a  less  prominent  intrusion  of  Ethiopian  type8» 
there  being  a  general  similarity  to  the  Egyptian  lu  r[ietologicaI  fauna,  which 
must  be  classed  within  the  Palsearctic  region.  The  Indian  is  present  in 
Dahoia  Mntkmai  and  the  affinities  of  a  new  genus  i^A^it r Wa/amK«  are 
rather  obscure.  Snakes  in  particular  are  more  limited  to  the  original 
locality  of  the  indiriduals,  and  the  groups,  like  the  indlYidnals^  ara  mora 
stationary. 

The  fluviatile  ichthyologicnl  fnnna  is  much  mora  distinct,  though  the 
number  of  species  is  small.  In  ita  consideration  we  confine  ourselves  to 
the  Jordan  and  its  tributaries,  in  which  are  three  Nilotic  fishes,  three 
others  extending  eastward  in  Asia,  six  to  other  rivers  of  Syria,  and  four 
peculiar,  bearing  a  strong  affinity  to  the  siiecies  and  genera  (as  CAromh 
and  Hemxehromis)  of  tropical  Eastern  Africa. 

Of  the  Mollusca,  most  of  the  peculiar  species  have  no  geographical  sig- 
nification. The  Pulmonifera  have  developed  in  groups,  which  are  modifi- 
cations of  desert  types  in  the  south,  and  of  Mediterranean  forms  on  the 
con?t.  Variation  in  this  class  appears  rapidly  to  follow  segregation,  as 
shown  by  the  Jordanic  species.  The  fluviatile  mollusca  are  much  more 
distinct,  and  indicate  a  very  nitcient  separation  from  any  adjacent  district. 

Similar  inferences  mas'  be  drawn  from  the  cxaminntinn  of  the  Araclinida, 
Lcpidojitera,  Tlcmiptcra,  and  Ortlinptcra,  as  well  as  from  the  Rhizopod 
fauna,  which  is  similar  to  tlmt  of  the  Indian  Ocean*  (The  examination  of 
the  Coleoj)tcra  is  not  yet  completed.) 

The  flora  of  Palestine  is,  on  the  coastline  and  hli;hlaiids,  sitTipl}-  a  repro- 
duction of  that  of  the  Eastern  Mediterrtnu  au.  That  ot  the  Jordan  valley 
is  most  distinct.  Of  1 13  specie^  by  the  Dead  Sea.  only  27  are  European, 
and  these  chiefly  weeds  of  world  wide  di-tnlnifi'm.  In  this  area  tlie  flora 
is  almost  exclusiTcly  Ethiopian,  couiisluig  largely  of  species  eiLteudiog 
from  the  Canaries  to  India. 
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Thus  in  the  Dead-Sen  basin,  an  area  of  but  a  few  square  iniles,  we  fiud 
a  series  of  forms  of  life  m  all  classes,  differing  from  those  of  the  surround- 
ing region,  to  "which  they  do  uot  extend,  anci  having  Ethiopian  n:i(],  more 
strictly,  Indian  affinities.  The  basin  is  depressed  1300  feet  below  ilie  sea- 
level;  and  as  eones  of  elevation  correspond  to  parallels  of  latitude,  so  here 
a  zone  of  depression  represents  the  iauii:i  and  flora  of  a  low  lauiiidc.  If 
the  flora  were  representative^  this  law,  thai  cliuial.al  zones  of  life  are  niulu- 
ally  repeated  and  represented  by  elevation  or  depression  and  iaiiLudc,  would 
account  for  their  existence. 

But  we  have  a  transjmrtcd  llora  ;  this  negatives  the  idea  of  an  indepen- 
dent origin  on  the  spot.  The  theory  of  migration,  under  present  conditionSt 
is  refuted  by  the  coexistence  of  peculiar  and  unique  forms,  with  others  now 
found  in  regions  widely  apart.  Of  these,  the  physical  character,  and  the 
phenomena  of  their  present  distribution,  present  insuperable  obstacles  to 
their  migration  trader  eseUting  geological  conditions. 

Their  existence  roust  be  mainly  due  to  dispersion  before  the  isolation  of 
the  area ;  this  must  have  been  after  the  close  of  tlie  Eocene  period,  to 
which  belong  the  most  recent  superficial  depoiitfl  of  Southern  Palestine. 
There  ate  no  beds  sjrnchronizing  with  the  miocene  dqxisits  of  Sicily,  &c. ; 
it  must  haye  had  a  fanna  and  flora  contemporaneons  mth  the  miooene  flora 
of  Germany.  There  is  geological  eiddenee  that  since  the  Eocene  |ieriod  the 
Jordan  fissare  has  had  no  connexion  with  the  Bed  Sea  or  Meditemmeaa. 
There  are  whtequmU  Tast  marl  deposits  of  the  Dead  Sea  when  it  was  at  a 
higher  level,  but  they  are  wholly  nnfossiliferous.  The  dtminnCioa  of  the 
waters  may,  for  reasons  given,  be  fixed  about  the  dose  of  the  tertiaiy 
epoch.  We  have  also  eyidence  of  the  extension  of  the  glacial  period  thus 
far  sottthj  as  in  the  moraines  of  Lebanon. 

Still  the  lake  existed  before  the  glacial  epoch  in  its  present  form>  when 
there  was  an  unusually  wanner  cUmate,  and  the  more  antique  Ethiopian 
fauna  and  flora  had  a  more  northerly  extension.  This  would  be  contempo- 
raneous with  the  miocene  continent  of  At]aiitis»  and  the  Aiturian  flora  of 
South-west  Ireland. 

Palestine  would  then  be  Esst  African.  Afterwards  the  glacial  inroad 
would  destroy  the  mass  of  preezbting  life,  excepting  the  few  spedes  most 
tenacious  of  existence  which  surviTe  in  the  still  coropaiatiyely  warm  de- 
pression of  the  Jordan  yslley,  which  thus  became  a  tropical  "outlier,*'  ana- 
logous to  the  boreal  marine  outliers  of  our  own  seas.  The  Indian  types  are 
explamed  by  the  former  continuous  miocene  continent  from  India  to 
Africa.  The  peculiar  species  may  either  yet  be  found  in  Arabia,  or,  if  not, 
may  be  descendants  of  species  which  inhabited  the  country  with  a  limited 
range,  or  may  be  variations  stereotyped  by  isolation. 

The  peculiar  fishes  of  the  Jordan  are  most  important,  dating  probably 
from  the  earliest  period  after  the  elevation  of  the  land.  The  genera  of  the 
peculiar  species  are  exclusively  African,  while  the  spedei  are  r^re$eHiathe 
rather  than  identical.  We  may  explain  this  by  the  miocene  dbain  of  ftceb- 
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water  hke^  extending  from  Galilee  to  the  Nyanxa,  Nyanat  and  Zembesi, 
when  an  ichtbyolagiiial  iknaa  wu  developed  snited  to  the  warm  oondiUons 
that  pievailed,  part  of  whieh  inrmee  in  the  Jordan. 

During  the  glacial  period  the  temperature  of  Lebanon  muet  have  been 
limiler  to  the  ptesent  Alp^,  as  the  existing  memmals  and  birds  on  the 
summits  are  identical  with  those  of  the  Pyrenees  and  the  Alps ;  not  so  the 
glaotal  flora»  of  which  almost  every  trace  has  been  lost.  But  the  flora  had 
not  the  same  powers  of  vertical  mig^ration  with  the  fauna,  of  which*  how- 
ever, the  £lk,  Red  Deer,  and  Beindeer,  found  in  the  bone-caverns^  have 
long  since  perished. 

During  the  present  period  the  Mediterranean  forma  have  overspread  the 
whole  country,  excepting  the  moantain*tops  at  an  elevation  of  9000  feet, 
and  the  Jordan  depression.  These  two  exceptions  can  be  best  explained 
by  the  fact  that  the  traces  of  the  glaoial  inroad  are  not  yet  wholly  oblite- 
rated, and  that  the  preceding  warm  jieriod  has  left  its  yet  stronger  mark  in 
the  unique  tropical  ** outlier'*  of  the  Dead-Sea  basin,  analogous  to  the 
boreal  outliers  of  our  mountain-topsi  the  concave  depression  in  the  one 
bei^g  the  complement  of  the  convex  elevation  in  the  other. 

II.  New  Eesearches  on  the  Dispersion  of  the  Optic  Axes  in  Harmo- 
tome  and  Wohlerite^  proving  these  Minerals  to  belong  to  the 
Glinorhombio  (Oblique)  System."  By  M«  A.  L.  O.  Dia 
C1.0I8BAUX.  Communicated  by  Prof.  W«  H.  IMCillba,  Por.  See. 
E.S.   Received  Mareh  12,  1666. 

(Abstract.) 

"VVp  arc  nlrently  acqnninted  with  a  considerable  number  of  crystals, 
natural  as  well  ns  artificijil,  the  forms  of  which  have  only  been  determined 
with  ]>recision  hy  the  oxnmination  of  their  optical  properties  as  doubly 
retracting  bodies,    liarmotome  and  ^V<)hlentc  furnish  two  frc'^h  examples 
of  this  ;  and  they  afford  all  the  more  iiaportaut  proof  of  the  necessity  of 
appealing  to  these  properties,  inasmuch  as  the  cr^'stals  of  these  substances 
would  apppnr  certainly  to  be  derived  from  a  right  rhombic  prbm,  so  long 
as  we  consider  only  the  ap[)aront  symmetry  of  their  external  forms,  or  the 
orientation  of  the  plane  containing  their  optic  axes.    The  different  sorts  of 
dispersion  which  these  axes  might  be  capable  of  prescuiing  are  so  feeble, 
and  so  difficult  of  approrintinn  on  nrcount  of  the  sliiihl  transparency  of 
Wohlerite,  and  tlie  romplex  structure  of  the  crystals  of  liarmotome,  that 
the  determination  of  tiiese  disnersious  iuis  hitherto  been  too  incomplete  to 
allow  of  any  conclusion  being  drawn  as  to  the  crystalline  type  they  might 
otherwise  serve  to  characterize. 

It  was  a  remark  of  M.  Axel  Gadolin  that  in  luccd  the  author  to  resume 
the  attentive  study  of  the  phenomena  of  dispeiHon,  first  in  liarmotome, 
and  then  in  Wiihlerite,  and  As  a  consetiuence  tomodily  the  crystailographic 
type  to  which  these  minerals  have  been  in  general  referred. 
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SeTend  years  ago  the  author  allowed  that  aimple  eryatals  of  Eiannotonie 
did  not  exist,  and  that  those  of  Strontian  in  Scotland  (Morrenite),  considered 
as  snch,  prevented,  in  fact,  a  twinning  formed  hj  the  interpenetration  of 
two  principal  individuals.  The  particuhr  orientation  of  the  plane  of  the 
optic  axes  in  each  of  the  crystals  of  which  the  least  complicated  of  audi 
groups  are  composed  had  led  him  to  refer  their  ciystaliine  ibrm  to  a  light 
rhombic  prism  of  124"  47'i  and  he  had  been  induced  to  look  on  this  prum 
as  presenting  a  peculiar  sort  of  hemihedrism,  or  rather  hemimorphianiy 
such  that  only  one-half  of  the  fundamental  rhombic  octahedron  existed, 
that  namely  formed  of  four  faces  parallel  two  and  two,  and  lying  tn  the 
same  zone.  More  recently,  in  studying  the  modifications  which  heat 
indooes  in  the  position  of  the  optic  axes  and  of  their  plane,  he  obserred  a 
phenomenon  less  compatible  with  the  hypothesis  of  a  primitiTe  rhombic 
form ;  but  the  slight  transparency  of  the  plates  on  which  he  operated,  the 
wide  separation  of  the  optic  axes,  which  rendered  the  examination  of  the 
two  systems  of  rings  almost  impossible  in  air,  and  finally  the  almost  com- 
plete absence  of  dispersion,  led  him  to  regard  the  observed  result  as  an 
apparent  anomaly,  attributable  to  the  highly  complex  structure  of  the 
Gfystals. 

Desirous  of  verifying  the  truth  of  a  suggestioii  communicated  to  him  hj 
M«  Gadolin  in  June  1867,  the  author  had  some  new  plates  cut  normal  to 
the  acute,  positive  bisectrix  from  very  transparent  crystals  of  the  Scotch 
MorveDite,  and  he  has  been  able  to  establbh  the  existence  of  a  very  decided 
twisted  dispersion.  In  consequence  of  the  smaller  mutual  indination  of 
the  optic  axes  in  these  than  in  the  former  plates,  the  author  was  also  able 
to  satisfy  himself  directly  that  the  displacement  impressed  by  heat  on  the 
plane  containing  these  axes  is  a  rotary  one,  quite  analogous  to  that  which 
be  had  shown  to  exist  in  borax  and  Heulandite.  It  is  therefore  now 
beyond  doubt  that  the  crystalline  type  of  Harmotomeis  the  ol  lique  rhombic 
prism,  and  the  author  has  corrected  the  crystallographic  description  of 
the  mineral  accordingly. 

Wbhierite. 

In  his  *  Manual  of  Mineralogy,'  the  author  liad  described  the  crystals 
of  Wcihlerite  as  derivable  from  a  prism  of  very  nearly  QO**.  From  the 
point  of  view  from  which  a  consideration  of  the  orientation  of  their  opiic 
axes  had  induced  liirn  to  regard  them,  they  appeared  to  offer  a  certain 
number  o!  liuiiUjhtUi nl  forms  associated  with  forms  that  were  hemihedral 
or  hc!!iiiiiorj)liic,  analogous  to  tiiose  that  he  had  drawn  attention  to  iu 
TIarniotome.  Having  proved  that  the  latter  mineral  belongs  to  the  clino- 
rli  >iiibic  system,  he  endenvoiirt  d  to  ascertain  whether  this  was  not  nUo  tlic 
ca^c  with  \Vr)h!( !  itr,  all  the  lurms  of  which  would  in  that  event  be  homo- 
hedrnl.  IJul  in  lliis  case  a  study  of  the  dilTcreut  vanclits  ol'  dispersion  is 
rendered  difficult  by  the  yellow  colour,  and  by  the  imperfect  transparency 
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presented  bj  the  mbttiuioe  even  when  in  very  thin  plates.  Bendet  this, 
contmy  to  what  is  found  in  Harmotome>  while  the  dispersion  belongiog 
to  the  optic  axes  is  Tery  distmet,  the  horUemial  end  iwUted  dispersions, 
which  shoold  be  sought  for  in  plates  normal  to  the  two  bisectrices,  are^ 
on  the  contrary,  hot  slightly  evideut.  However,  on  examining  in  oil  some 
thin  plates  placed  so  as  to  have  the  plane  of  their  optic  axeshorixontal  and 
perpendienlar  to  the  plane  of  polarization,  the  author  observed  in  the  plates 
normal  to  the  obtuse,  poiiiive  bisectrix,  some  faint  blue  and  red  fringes^ 
dispersed  in  contrary  directions  above  and  below  the  bars  which  traverse 
the  two  systems  of  rings,  indicating  the  existence  of  an  appreciable  twisied 
dispersum.  In  the  plates  normal  to  the  acute,  native  bisectrix,  the 
transverse  bar  of  each  system  is  bordered  on  one  side  by  a  very  pale  blus^ 
and  on  the  opposite  side  by  an  equally  pole  yellow,  the  horiaontal  dispersion 
being  th^  feebly  indicated. 

The  crystals  of  Wohlerite  ought,  then,  to  be  referred  to  an  oblique 
rhombic  prism,  in  which  the  plane  of  symmetry  is  normal  to  the  plane 
which  contains  their  optic  axes.  The  primitive  form  which  it  seems  most 
convenient  to  choose  is  a  prism  vrith  an  angle  of  very  nearly  9(P,  which 
presents  a  cleavage  easy  though  interrupted,  parallel  to  its  plane  of  sym- 
metry, and  cleavages  which  are  more  difficult  in  the  directions  of  the  lateral 
faces  m  and  of  the  plane  h*  which  is  parallel  to  Uie  horizontal  diogonob 
of  the  base. 

The  author  then  describes  in  detail  the  crystalline  form  of  WOhlerite  as 
thus  eofrectcd. 

III.  On  the  Law  of  the  Besistance  of  the  Air  to  Rifled  Projec- 
tiles.'' By  Cbablbs  W.  Mbrripibld,  F.EiS.^  Principal  of  the 
Royal  School  of  Naval  Architecture.  Received  March  19, 
1868. 

(Abstract.) 

At  the  beginning  of  this  montli  Lieut. -Col.  11.  l\.  TT?\lford  applied  to  the 
author  to  obtain  for  him  the  law  ot  atiiiosj)lieric  resistance  resultins;  from 
bis  experiments  in  shooting  with  Metford's  match-rifle,  a  small  bore  with 
increasing  pitch.  Col.  Ilalford  had  determined  by  experiment  the  eleva- 
tions required  for  the  ranges  100,  200,  &c.  up  to  1100  yards,  each  deter- 
mination being  derived  from  a  very  large  number  of  shots;  and  the  table 
of  experimental  elevations,  corresponding  to  these  various  rangeSj  formed 
the  datum  furnished  to  the  author. 

As  all  the  trajectories  were  very  low,  the  greatest  elevatioii  amounting  to 
only  2°  35'  30' ,  the  author  assumed,  as  a  snfhciently  clube  approximation, 
that  the  vertical  motion  was  deterniiued  solely  by  the  force  of  gravity,  and 
that  the  efTect  of  the  resistance  of  the  air  on  the  velocity  was  the  snme  as 
if  the  projectile  had  uiovcd  strictly  iu  a  horizontal  line.  Consequently  the 
depression  of  the  point  in  which  the  target  is  struck,  below  the  initial 
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tangent  to  the  path,  becomes  a  measure  of  tlie  time  of  flielit,  according  to 
the  usual  law  of  falling;  bodies  ;  and  tlie  mean  horkoatal  velocity  being 
thus  known  for  a  ierics  of  different  rnniros,  \\c  can  calculate  the  mean  ve- 
locity for  every  100  yards  of  a  lou^  luiij^e,  uud  tiieacc  determine  the  re- 
sistance. 

The  author  commenced  lug  calculations  from  an  assumed  Telocity  of 
1360  feet  per  second,  in  accordance  with  the  results  obtained  at  short 
ranges,  and  assumed  for  trial  a  resistance  varying  as  the  square  of  the 
velocity,  but  found  that  this  law  did  not  fit  the  results  at  all.  A  resiat- 
ance  varying  as  the  cube  of  the  velocity  was  then  tried,  and  found  very 
nearly  to  agree  with  the  results  of  observation ;  and  the  agreement  be- 
came, we  may  say,  perfect,  when  the  assumed  initial  velocity  was  slightly 
corrected. 

As  the  calculations  and  experiments  were  all  made  without  any  notion  of 
the  resulting  law,  and  without  any  knowledge  of  tba  work  already  done  by 
Professor  H6Ue  and  Professor  Basbfortfa,  they  aflbrd  a  remarkable  confir- 
mation of  the  results  obtained  by  those  gentlemen.  This  is  the  more 
worthy  of  notioe,  as  their  data  belong  to  pieoes  of  large  calibre^  and  tha 
author^s  to  small  arma. 

IV.  "  BemarlvS  on  the  Great  Nebula  in  Orion/'  In  a  Letter  addressed 
to  Pi  of.  G.  G.  Stokes,  Sec.  U.S.  By  W.  Lassell,  F.R.S.  Ue- 
ccivcd  February  28,  18G8. 

I  have  been  so  much  interested  by  the  perusal  of  Lord  Oxmantovn's 
observations  and  drawing  of  the  Great  Nebnla  in  Oriooi  published  in  the 
present  Tolume  of  the  'Transaotions/  that  I  Tenture  to  offer  yon  a  few 
remarks  upon  them — ^the  more  readily^  as  I  may  be  supposed  to  be  aome- 
what  familiar  with  that  object,  though  observed  with  less  advantage  of 
optical  power. 

On  comparing  the  present  drawing  with  my  own,  made  with  the  four* 
feet  equatorial  during  my  late  sojourn  at  Malta*  I  find  that  of  the  93  new 
stars  in  Lord  Oxmantown'i  list,  there  are,  I  believe,  onty  24  within  the 
more  limited  area  of  my  drawing.  A  good  many  of  these  have  escaped 
my  notice,  while,  on  the  other  hand,  I  have  detected  several  wfaidi  I  do 
not  6nd  in  the  present  Catalogue.  The  (bUowing  are  instances  of  a  few : — 
Three  stars  north-preceding  No.  119 ;  four  stars  about  the  hypothenuse 
of  the  nearly  right-angled  triangle  formed  by  the  stars  47,  52,  and  53 ; 
two  stars  in  the  triangle  formed  by  30,  32,  and  35  ;  a  delicate  point  about 
20"  from  104,  with  several  others.  Some  of  these  I  have  so  repeatedly 
and  certftinly  seen,  that  I  wonder  not  to  iind  them  here.  The  explanation 
of  this  discrepancy  may  possibly  in  some  instances  be  ibnnd  in  \  ariabiUty, 
but  must,  I  think,  be  rather  sought  for  in  the  influence  which  the  state  of 
atmosphere  has  on  sueh  delicate  objects,  when  the  highest  combinations  of 
light  and  power  are  brought  to  bear  upon  them.   As  this  is  a  nebula  of 
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great  exfent,  it  li  posiiliIe«  and  indeed  probable,  thai!  there  maj  be  lome 
a|>ot8  on  which  the  oonoentrated  attention  of  any  single  obeer^er  haa  not 
been  given  nnder  the  most  fkvonrable  cirenmslances*  In  my  omi  obserra* 
ttons,  the  ijnestion  of  resolrabiUtj  appeared  always  an  interesting  one  to 
settle,  and  therefore  I  gave  quite  as  mneh  attention  to  the  detection  of 
stars  as  to  the  treeing  of  the  nebula. 

The  present  drawing  embracing  much  more  of  the  extent  of  this  nebula 
tban  mine  (if  nol^  indeed,  the  whole  of  it),  I  am  able  to  oompare  mine  with 
it  only  in  part ;  but^  so  for  as  my  Umits  extend,  the  representationa  are 
generally  very  coincident.  In  some  parts  there  is  a  greater  kMdnem  than 
I  have  seen ;  but  it  is  scarcely  possible  to  convey  a  tru§  impression  of  the 
form  of  the  oonTolntions  of  the  nebula  without  intensifying  them  in  some 
degree.  I  recognized  in  my  own  observatioas  more  of  the  spiral  or  sorolK- 
like  character  of  the  nebula  about  the  stars  51  and  57,  first  pointed  out,  I 
beUere,  by  Mr.  Bond,  than  I  find  in  this  drawing.  In  an  engrariag  sent 
to  me  by  Mr.  Bond  in  18G3,  in  which  photography  bad,  as  I  understood, 
been  employed,  this  scroll-like  appearance  is  strongly  marked* 

On  the  question  of  a  real  change  of  form  of  the  nebula,  no  positive  con- 
clusion can,  I  think,  as  yet  be  arrived  at ;  but  as  we  have  probably  now 
reached  much  more  nearly  to  the  practical  limit  of  optical  power  in  our 
telescopes,  future  observations  may  be  expected  to  he  much  more  com> 
parable  with  existing  dr^iwings  than  these  are  with  those  formerly  made. 

The  evidence  of  retolvability  seems  to  me  to  be  rather  on  the  negative 
side — my  own  deductions  from  what  I  hare  seen  have  been  always  in  that 
direction ;  and  such  of  the  present  observations  as  apparently  look  the  other 
way  are,  I  consider,  too  vague  and  wanting  in  preoision  and  certainty,  to 
establish  it  positively. 


[RooeiTod  April  17.  18<W.] 

lii  the  account  of  my  observations  in  Malta  with  the  four- foot  equa- 
torial, published  in  the  36th  volume  of  the  Memoirs  of  the  Royal  Astro- 
nomical Society,  there  is  but  a  slis^ht  rofercncc  to  the  Great  Nebula  of 
Orion  ;  the  immediate  reason  for  which  was,  that  the  drawing  I  had  made 
was  on  too  large  a  scale  for  appearinr:  therein  as  an  engraving,  and  I  was 
unwilling  to  subject  it  to  a  reduction  of  size. 

Moreover,  as  Lord  0\mantown's  ela^Toratc  description  and  drawings  of 
this  incomparable  object  have  rccenti}  appeared  in  the  Transactions  nf  the 
Royal  Society,  and  as  the  suhjcf't  may  be  presumed  to  be  a  very  iutcreslmg 
one,  I  beg  leave  to  request  of  the  Society  their  acceptance  of  my  original 
drawing  (forwarded  this  day),  which  contains  the  sum  ut  all  I  have  been 
able  to  make  out  (  both  of  tlip  detnih  of  the  nebula  and  of  the  stars  therein  ) 
with  the  above  telescope  during  my  three-years'  residence  in  the  Island  of 
Malta. 

I  also  subjoin  from  my  Journal  the  following  few  notC3  relative  to  some 
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of  tbe  more  mteicstiiig  vtm.  The  fifth  star  of  the  tnpesnm  b  Itdfid^ 
tad  haa  a  pretty  broad  and  not  veiy  brilfiaat  dialc, — modi  Img^  thanthift 
of  Ihe  aixtb.  whioh  ia  more  bnUiant^  and  whiter.  Yet  the  fint  inficMoa 
of  tbe  fifth  on  the  eye  ia  more  Ibrdble  than  that  of  the  nxth. 

Adoptiug  Hencbera  nnmben^  57  ia  much  leaa  bright  than  51.  TW 
atar  marked  II  ia  neatly  aa  bright  aa  57 ;  but  the  two  atani  M>ath*lblbnriBg 
II  are  the  amaUeat  pointa  Ytaible. 

Of  tbe  delicate  pair  preceding  2  of  tbe  trapciinm,  the  following  atarii 
the  brightest. 

The  minute  atara  preceding  and  north-following  93»  were  nndoobtcAf 
verified ;  but  there  aeemed  a  want  of  preciflon  in  tbe  image  of  the  latter 
(if  one  may  bo  apeak  of  aueh  a  fiunt  thing)  which  aoggeated  the  idea  flf 
its  being  double. 

HerBcbel*a  78»  82,  and  91  bare  on  no  occasion  been  recogniied;  n  Mar, 
however,  has  been  seen  aa  hud  down  in  the  drawing  a  reiy  little  aontlh 
following  tbe  pbMse  of  78. 

In  the  drawing,  Heradiel'a  numbers  are  adopted  throughout ;  and  fir 
convenience  of  reference  and  identification,  th^  are  attached  in  mioote 
figures  to  each  star.   Its  scale,  as  given  at  the  foot,  is  100"^  1*194  iodu 
All  the  stars  which  have  been  certainly  and  repeatedly  seen  are  maetteil 
and,  I  beUevCi  no  others*    Some  attempt  at  indicatioii  of  respectin  i 
magnitude  has  been  made  in  depicting  tbe  atan^  but  their  estimated 
magnitudes  are  more  precisely  given  in  the  margins,  right  and  left  of  tbe 
picture.   They  aro,  however,  more  fully  laid  down  in  tbe  following-  Cstx- 
logue  of  the  stara  contained  in  the  map,  the  placea  being  principally  takca 
from  Liaponov'a  measnres.   A  good  many  of  the  stars,  howcrer,  I  hMft 
independently  measured,  and  though  my  means  for  this  especial  purpose 
were  probably  inferior  to  those  of  M.  liaponov,  I  have  added  a  liat  of  »/ 
measures  for  comparison  or  identification. 

W.  hASSELL,  I 

£aj  Lodge,  April  1868.  I 
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Eemeasurenunt  of  mm  of  the  Stars  of  the  above  CaUdogue. 
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Apni  do,  im 

Lieat.-General  SABINEj  President^  in  the  Cliair. 

The  following  commumcatkmB  were  read : — 

I.  "  Obeervations  on  the  Development  of  the  Semilunar  Valves  of 
tlie  Aorta  and  Pulmonary  Artery  of  the  Heart  of  the  Chick/' 
By  Morris  Tonoe,  M.A.,  M.D.  Communicated  by  Dr.  Bbalb. 
Beoei?ed  March  Z4>,  1868. 

(Abstract.) 

RoUiker  is  the  only  embryological  author  in  whom  I  have  found  any 
information  about  the  development  of  the  semilunar  Talves  of  the  aorta  and 
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pulmonary  artery^  and  I  have  not  been  able  to  discurer  any  obaenratioQS 
later  than  his.  After  spenking  of  the  formation  of  the  aorta  and  pnl* 
monnrj  artery  by  the  division  of  the  truncus  arteriosus  into  two  ▼eaaela^ 

tliis  being,  as  is  well  known,  the  large  single  arterial  trnnk  conveying  the 
blood  from  the  rudimentary  ventricle  into  the  branchial  arteries,  he 
says*,  Simultaneously  with  the  division  the  semilunar  valves  also  be- 
come developed,  and  I  saw  them  already  present  in  both  arteries  in  an  em- 
bryo of  the  seventh  week.  They  are,  however,  at  first  nothing  but  hori- 
zontally projecting  crescentic  growths  of  the  middle  and  of  the  epithelial 
coats  by  which  the  lumen  f  at  this  spot  receives  the  form  of  a  ihree-rayed 
star.  At  what  time  they  first  become  visible  as  distinct  pockets  I  have  not 
yet  invc«tip:nted.'* 

The  division  of  tlie  tritnaifi  arteriosus  is  described  by  Ratlike  as  occur- 
ring in  birds  niul  niainmalia  by  the  formation  on  its  interior  of  two  oppo- 
sitely situated  longitudinal  ridges,  which  then  gi  rw  together  throughout 
its  nbnlr  rxtent  and  completely  divide  the  vessel  into  two  lateral  halves, 
one  representing  the  commencement  of  the  aorta,  and  the  other  that  of  the 
pulmonary  artery.  Though  the  semilunar  valves  are  said  by  Kcilliker,  aod 
quite  correctly,  to  dcvclope  simultaneously  with  the  division,  he  gives  no 
information  about  the  manner  in  which  they  arc  connected  with  it,  or  the 
part  of  the  m>s{'1  in  which  they  originate,  and  nowhere  are  any  drawings 
given  of  them  in  their  rudimentary  state.  I  was  hence  led  to  runclude 
that  very  little  was  known  about  this  point,  and  to  make  the  obs  t\  ations 
the  results  of  wbieli  are  here  recorded.  They  seem  to  me  valuable,  as 
throwing  light  on  some  of  the  congenital  malformations  of  tbi-^  part  ttf  the 
heart.  They  were  made  during  180."),  ISiiii,  and  1867,  on  the  einbryos  of 
the  common  fowl,  and  1  have  had  no  opportunity  of  investigating  human 
or  other  mammalian  embryos  with  reference  to  this  pomt.  But  from  the 
great  likeness  between  the  hearts  of  birds,  mammalia,  and  man  at  different 
periods  of  their  development,  it  seems  pretty  certain  that  the  artenal 
sennlunar  valves  in  man  and  inamiualia  generally  must  pass  through  the 
same  stages  of  development  as  those  of  the  bird,  whicii,  in  the  fully  deve- 
loped state,  quite  resemble  them. 

Tlic  cl:2;>  wire  incubated  by  aitificial  heat,  and  the  hearts  of  more  than 
fifty  embryos,  at  various  stages  of  development,  were  examined.  The 
embryos  were  prepared  by  immersing  them,  immediately  on  their  removal 
from  the  egg,  in  strong  alcohol.  By  this  the  large  vessels  were  obtained 
diitended  with  blood  and  hardened.  They  were  afterwards  rendered  trans- 
parent by  soaking  them  in  strong  glycerine,  in  which  they  were  dissected 

•  Kolliker,  '  Entwickelungsgefichicbte  des  Menadieii,*  pp.  4<)4,  405  (1861). 

t  I  Imve  left  this  word  utitranslatcd  b»^r-;niec  no  ?tinglo  Eiiglirsh  word  evactly  pt- 
pres!*c9  its  meaning.  It  is  obviously  (he  brigbt  area  of  tlio  int« tmi-  uf  a  transvem» 
gection  of  the  vessel  held  up  to  the  light.  Tho  boundary  of  the  briglu  area  shows  the 
form  of  the  VMoolar  isaiial  «t  tfaui  point; 
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and  examined  by  strong  transmitted  light,  and  were  afterwards  mounted 
in  glycerine  jelly. 

The  new  tacts  observed  demonstrate — 

(1 )  The  manner  in  which  the  truncus  arteriosm  divides  into  two  vesselsj 
winch  is  different  from  that  commonly  supposed  to  occur. 

(2)  The  close  connexion  between  this  process  of  division,  and  the  forma* 
tion  of  the  semilonar  of  the  aorta  and  pulmoaaiy  artery^  and  their 
place  of  origin  and  mode  of  development. 

The  following  la  a  brief  aceonnt  of  the  manner  in  which  the  dinaioB  of 
the  tnoMiu  artenows  takes  place.  It  ahooM  be  said  that  about  the  third 
daj  of  incdbation,  jnet  before  the  division  begins,  the  somewhat  spiraUj 
twisted  tnincns  arteriosus  is  everywhere  smooth,  and  free  from  ridges 
on  its  interior,  and  ends  abruptly  in  the  three  pairs  of  branchial  arteries 
which  then  exist.  These  are  the  third,  fourth,  and  fifth  pair.  There  is 
no  valvular  apparatus  at  its  branchial  end,  but  next  the  ventricle  the  defi- 
ciency of  valves  seems  to  be  supplied  hj  a  considerable  development  of  the 
elastic  wsll  of  the  tmneus  arteriosus  on  its  two  opposite  sides,  so  that  the 
ventricular  aperture,  which  is  at  first  circular,  becomes  slit-shaped.  The 
two  lips  of  the  slit  seem  to  prevent  in  great  measure  the  reflux  of  blood 
into  the  ventricle,  before  the  semilunar  valves  are  sufficiently  developed  to 
do  so. 

The  division  of  the  vessel  commence  about  the  106th  hour  of  incuba- 
tion, at  rather  less  than  one<fi(Ui  of  the  whole  period  of  incubation,  which 
is  21  days. 

It  begins  at  the  branchial  end  of  the  truncus  arteriosus  by  the  tt- 
tenston  into  it  of  a  plane  septum  growing  horizontally  downwards  into 
the  vessel  from  the  terminal  arterial  wall  between  the  openings  of  the 
fourth  and  tit'th  pair  of  branchial  arterites,  Its  lower  margin  is  forked,  so 
that  it  extend^  further  alnnrr  the  sides  than  along  the  centre  of  the  vessel, 
and  it  is  incimed  a  httie  iil>li(|uolv  arrows  the  vessel,  sloping  downward'? 
from  left  to  riglit.  Ti>e  little  channci  la  Iront  of  this  septum  leads  to  the 
third  and  fourth  pair  of  branchial  arteries,  and  is  the  rudimentary  aorta  ; 
the  channel  behind  it  Iruds  to  the  hfth  pair  of  branchial  arteries,  and  is 
the  rudimentary  pulmonary  artery. 

At  the  same  time,  or  slightly  before  this,  the  canal  of  the  vessel  just  be- 
low the  septum  becomes  constricted  bv  the  formation — 

(1)  Uu  lU  anterior  and  left  suriacc,  of  Lwo  tluUened  prominences,  sepa- 
rated bv  a  groove.  Tliese  are  the  rudimctits  of  the  anterior  semilunar 
valve  of  each  artery. 

(2)  On  its  anterior  and  right  surface,  of  a  flattened  ridge,  extending 
obliquely  across  the  vessel  nearly  opposite  to  the  anterior  valve  rudiments, 
afterwards  becoming  prominent  and  pyramidal  in  the  centre,  and  extending 
gradually  down  the  posterior  surface  of  the  vessel.  The  right  and  left  ends 
of  this  ridge  are  the  rudiments  of  the  inner  semilonar  valves  of  each  artery. 
As  these  growths  enlarge,  the  forked  septum  grows  downwards  into  the 
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artery,  twisting  pradnally  from  left  to  rifjlit,  its  left  leg  passing  bitweeu 
and  separatini;  the  anterior  semilunar  valve  rudiments,  and  its  i  i-Ut  leg 
growing  into  the  rontral  portion  of  the  oblique  ridge  on  the  pfi-ti  rinr  sur- 
face, now  bccoinniij;  prominent  and  pyramidal,  nnd  separating  tiom  each 
other  the  rudiments  of  the  inner  valves.  Between  the  outer  and  inner 
semilunar  valves  in  eaeh  artery  there  is  a  vacant  space  left  on  the  wall  of 
the  vessel,  from  wliich  the  outer  semilunar  valve  in  each  artery  afterwards 
grows  out,  tlic  outer  valves  appearing  later  than  the  others.  The  division 
of  the  trnnens  arteriocus  j)roeeeds  by  the  gradual  f^row  tli  downwards  of  the 
forked  septum  al(Mi<r  the  course  of  the  ridire  on  the  posterior  surface,  which 
gradually  becomes  more  promint  ut,  the  riirlit  lei:  of  the  fuik,  which  pro- 
ceeds along  it,  being  always  a  little  in  advauce  of  the  other.  The  autcrior 
or  left  leg  of  the  fork  corresponds  with  the  right  margin  of  the  anterior 
aortic  valve,  and  terminates  almost  immediately  on  the  anterior  surface,  no 
ridge  being  formed  along  the  anterior  surface  as  there  is  along  the  j)os- 
terior.  As  the  forked  septum  between  the  aorta  and  pulmonary  artery 
grows  down  the  vessel,  the  semilunar  valves  gradti  il  y  become  more  deve- 
loped, and  the  nidiments  of  the  outer  valves  appt  i .  They  appear  soon 
ailci  ihc  1 1  7th  hour  of  incubation,  by  wliich  time  the  aorta  and  pulmonary 
artery  are  separated  for  some  little  distance. 

During  these  changes  the  aperture  into  the  ventricle  has  become  a  rect- 
angular slit,  passing  horizontally  backwards  and  to  the  right,  and  having  a 
left-hand  and  a  rlglit-hand  lip,  the  left-hand  lip  sloping  from  before  back- 
wards and  upwards  into  the  artery,  and  joining  the  lower  end  of  the  ridge 
that  has  been  gradually  forming  ou  the  posterior  surface  of  the  Teasel. 
As  the  dividon  proceed  the  ends  of  each  lip  of  the  Tsntrieiilar  slit  dis- 
appear, and  the  central  portions,  especially  of  the  left-hand  lip,  become 
more  prominent.  By  this  a  channel  is  left  in  front  and  towards  the 
left,  and  behind  and  to  the  right.  By  the  time  the  division  has  de- 
scended to  the  ventricular  aperture,  the  original  right-hand  leg  of  the 
forked  septum  has  wound  round  to  the  centre  of  the  left-hand  lip  of  the 
slit,  the  left-haod  leg  to  the  centre  of  the  right-hand  lip,  so  that  the  aortte 
channel  has  passed  from  front  to  back,  and  the  pulmonary  channel  from 
back  to  front,  the  anterior  portion  of  the  Tcntricular  sht  thns  becoming 
tlie  root  of  the  pulmonary  artery,  and  the  posterior  portion  the  root  of 
the  aorta. 

The  septum  of  the  ventricles  has  been  gradually  forming  during  the 
process  of  division  of  the  truncus  arteriosus,  and  by  the  time  the  divisioa 
and  valves  have  descended  nearly  to  the  base  of  the  ventridesi  there  re- 
mains merely  an  oval  aperture  in  the  upper  portion  uniting  the  ventricular 
cavities.  It  forms  a  short  canal  with  a  left  ventricular  border  and  a  right 
ventricular  border.  The  arterial  infundibula  are  finally  separated  from 
each  other  by  the  union  of  the  lower  half  of  this  right  ventricular  border 
with  the  lower  border  of  the  forked  arterial  septum.  The  anterior  portion 
of  the  right  ventricular  border  is  continued  upwards  and  forwards  into  the 
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termination  of  the  original  right  leg  of  the  fork  ill  tlie  central  part  of  the 
left-hand  lip  of  the  Tentricular  slit,  while  the  posterior  portion  passes  off 
slantingly  upwards  and  forwards  as  a  ridge,  whiofa  forms  the  termiDation  of 
the  original  left  leg  of  the  fork  in  the  central  part  of  the  fight>hand  lip  of 
the  slit.  Thus  a  twisted^  hourglass^shaped  aperture  connects  the  arterial 
Infundibnln,  by  whose  dosare  the  pulmonary  infundibulum  and  root  of  the 
pulmonary  artery  become  separated  ftom  the  root  of  the  aorta  and  the 
canal  of  the  aperture  in  the  septum,  which  then  becomes  the  aortic  infiui< 
dibnlnm.  This  process  is  completed  about  the  end  of  the  eighth  day. 
The  separation  of  the  Tcssels  does  not  become  risible  extemaUj  till  it  has 
advanced  a  considerable  distance  down  the  tmncus  arteriosui^  and  the 
semilunar  valTCS  are  conriderably  developed. 

The  dirision  of  the  tmncus  arteriosus  into  the  aorta  and  pulmonary 
artery  does  not  therefore  take  place  by  the  formation  of  Aoo  oppositely 
situated  longitudinal  ridges,  and  their  subsequent  growth  together,  but 
occure,  as  above  described*  by  the  extension  into  it  of  a  plane  septum  from 
between  the  fourth  and  fifth  pair  of  branchial  arteries,  and  which  twista 
down  the  vessel  along  the  Ime  of  a  single  thick  pyramidal  ridge  which 
forms  gradually  on  its  posterior  aspect. 

The  formation  of  the  semflunar  valves  is  very  closely  connected  with  the 
process  of  division  of  the  truncus  arierwnu,  and  the  following  are  the  new 
facts  arrived  at  with  respect  to  their  origin  and  development : — 

1.  It  is  a  remarkable  fact  that  the  rudiments  of  the  semilunar  valves 
first  appear  on  the  interior  of  the  truncus  arteriosus  ai  a  eonHderahle 
distance  from  the  heart,  near  the  termination  of  the  tmncus  arteriosus  in 
the  branchial  arteries,  and  not  near  the  heart,  as  one  might  have  been  led 
to  expect. 

2.  It  is  also  very  remarkable  that  the  rudiments  of  the  anterior  and 
inner  semilunar  valves  of  each  artery  make  their  appearance  before  the 
partition,  which  has  already  begun  to  separate  the  aorta  from  the  pulmonary 
artery,  has  quite  descended  to  that  part  of  the  tmncus  arteriosus  in  which 
these  valves  originate. 

3.  The  radiments  of  the  anterior  semilunar  valves  of  the  aorta  and 
pulmonary  artery  are  the  first  to  appear,  those  of  the  inner  vnlve  of 
each  artery  the  next,  and  those  of  the  outer  valves  the  last.  The  deve- 
lopment  of  the  last  valve  to  appear  remains  behind  that  of  the  others 
throughout. 

4.  The  anterior  valve-rudimentj  appear  close  together,  rather  on  the 
right  side  of  the  anterior  surface  of  the  truncus  arteriosus,  about  the  106th 
hour  of  incubation,  simultaneously  with  the  commencement  of  the  division, 
and  a  short  distance  below  it,  and  opposite  the  commencement  of  the 
ridge  which  forms  ou  the  posterior  surface  of  the  vessel,  and  which  appears 
about  the  same  time. 

5.  The  mdiment  of  the  inner  valve  of  each  artery  grows  from  the 
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corresponding  side  of  the  ridge  which  forms  graduallr  on  the  posterior 
surface  of  the  vessel,  a  httle  later  than  the  aiUtnur  viilvcH, 

6.  The  rudiment  of  tlie  outer  valve  ia  each  artery  uri^ts  iVoui  that  part 
of  the  inside  of  the  wall  of  the  truiicus  arteriosus  left  vacant  between  the 
outer  margins  of  the  rudiments  of  the  anterior  and  inner  valves  soon  after 
the  1 1 7th  hour  of  incubation.  It  arises  level  with  the  other  valves,  when 
the  aorta  and  pulmonary  artery  are  already  separated  from  each  other  for 
some  little  distance,  and  therefore  a  little  nearer  to  Uie  heart  than  the 
other  valves,  though  stfll  at  a  eonsideraUe  distanee  from  H, 

7.  The  anterior  TalTe-radiments  commenoe  as  transverse  thiekeningn  of 
the  interior  of  the  Teasel,  sloping  off  above  and  lielow  into  the  general 
surface  of  the  vessel,  and  are  separated  bj  a  slight  groove. 

8*  The  inner  and  outer  yalvet  first  appear  as  simple  pyramidal  thicken- 
ings of  the  vaieular  wall* 
9.  All  the  senulanar  valves  are  solid  at  first. 

10*  The  anterior  and  inner  ralves  consist  of  one  single  segment  forcndi 
valve. 

11.  The  onter  valve  is  at  first  a  single  pyramidal  eminence.  It  maj 
remain  single,  or  become  deeply  notched  and  develope  into  two  valves^  or 
even  more. 

12.  By  the  time  the  third  Talve  in  eaeh  vessel  has  appeared,  the  form  of 
the  valves  has  become  more  defined.   They  then  have  the  shape  of  a  abort 

crystal  of  triple  phosphate  j^Q,  its  flat  surface  being  attached,  its  edge 

projecting  into  the  vessel,  and  its  ends  sloping  off  upwards  and  outwards 
above,  aud  downwards  and  outwards  below.  The  valves  are  more  deve- 
loped in  the  direction  of  their  length  than  transversely,  and  their  course 
down  the  wall  of  the  vessel  is  parallel  to  that  which  the  axis  of  its  canal 
afterwards  assumes. 

IS.  About  the  144th  hour  of  incubation  they  are  (though  still  solid  and 
at  some  distance  from  the  heart)  sufficiently  developed  to  close  the  canal 
of  the  vessel  pretty  completely,  and  to  prevent  much  reflux  of  blood  into 
its  undivided  portion. 

14.  By  this  time  the  valvular  function  of  the  two  lips  of  the  opening  into 
tiie  ventricle  has  become  abolished. 

15.  The  valres  are  further  developed  by  the  hollowing  out  of  the  solid 
pyramid  above  and  near  the  wall  of  the  vessel*  while  they  grow  in  other 
directions. 

16.  The  pocketing  of  each  valve  commences  in  each  in  the  order  of  its 

appearance,  and  begins  in  anterior  and  inner  valve?  of  each  artery 
about  the  time  that  their  bases  have  descended  to  the  level  of  the  bases  of 
the  ventricles,  t.  e,  at  the  147th  hour  of  incubation,  and  is  distinct  in  these 
valves  at  the  165th  hour.  The  pocketing  of  the  outer  valves  is  not 
distinct  till  much  later.   About  the  time  that  it  commences^  the  valves 
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liafe  asmmed  neurly  thdr  final  positions  with  respect  to  the  base  of  the 
heart,  and  the  aperture  of  oommunieation  between  the  arterial  iniuudibula 
18  nearly  eloaed  up. 

17.  AfUr  the  complete  separation  of  the  aortic  and  pulmonary  infun- 
dibula  from  each  other,  the  farther  changea  in  the  aemilnnar  yalves  consist 
principally  in  increase  in  siae  and  diminntion  in  thickness,  so  that  thej 
become  more  and  more  membranona, /lori  pattu,  with  the  growth  of  th« 
other  parts  of  the  heart. 

In  the  description  given  above  of  the  division  of  the  trnncoa  arteriosus, 
it  has  been  shown  that  the  aperture  in  the  septum  of  the  TentricIeB  does 
not  close  up  entirely  aa  is  commonly  supposed,  but  finally  developes  into 
the  aortic  infondibola. 

The  fifth  Taacular  arch  on  each  side  gives  off  the  branch  to  the  lung 
of  that  side,  and  becomes  ultimately  the  corresponding  branch  of  the 
pulmonary  artery,  according  to  the  view  long  ago  propounded  by  Yon 
Baer. 

In  conclusion  I  must  thank  seveial  kind  friends  for  assistance  received 
from  them  during  the  preparation  of  this  paper,  which  I  heie  beg  leave 
to  acknowledge.  In  particular  Dr.  Beale,  who  has  given  me  much 
valuable  advice  throughout ;  the  Rev.  Oeorge  Kempson  and  my  oooam 
Mr.  Charles  Paddison,  who  sent  me  abundant  soppUes  of  fresh  eggs ;  and 
Dr.  Cayley,  who  kindly  revised  the  tranabtiona  from  the  German  anthora 
referred  to. 

II.  "  On  the  Phenomena  obaenred  to  attend  the  propnlaion  of  Lymph 
from  one  of  the  Lymphatic  Hearts  into  a  Vein  in  the  Frog.''  By 

Thomas  Wharton  Jones,  F.R.S.,  Professor  of  Ophthalmic 
Medicine  and  Surgery  in  Luiversity  College,  &c.  Received 
March  1868. 

(Abstract.) 

An  anaemic  frog,  killed,  as  regards  sensation  and  voluntary  motion, 
without  stoppage  of  the  circulation,  by  plunging  into  water  at  110^  or 
120°  Fahr.,  was  laid  open,  and  the  posterior  part  of  the  anterior  lymphatic 
heart  of  one  side,  in  the  niche  behind  and  below  the  extremity  of  the  large 
transverse  process  of  the  third  vertebra,  brought  into  view.  By  the  removal 
of  the  skin  of  the  back  from  over  the  scapular  region,  the  part  of  the  heart 
mentioned  admitted  of  exauiiiiatiuu  t^;ln^mitted  light  under  a  simple 
microscope — -the  lens  :J-inch  focus.  It  wua  svcn  ihat  when  the  lymphatic 
heart  conLracied,  a  bti  eani  of  lymph  was  propelled  from  it  into  a  vein  at  its 
posterior  border,  a-  d  >\\v\)t  before  it  the  blood  in  that  vessel,  whilst  the 
flow  from  bchuul  was  arrested.  As  soon,  however,  as  diastole  of  the 
lymphatic  heart  supervened,  the  flow  of  blood  from  b^ind  became  re* 
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established,  and  drove  the  lymph  onward  m  its  turn.  Systole  of  ihe  bent 
now  again  ensuing,  the  lyraph-stream  propelled  into  the  Tcin  sifept  fiffwsrd 
the  blood  in  that  yessel  aa  before,  whtlat  the  flow  of  blood  from  behind 
was  arrested ;  and  so  the  same  series  of  phenomeoe  was  repeated* 

It  was  thus  seen  that  the  phenomena  attending  the  propulsion  of  Ijmph 
from  the  anterior  lymphatic  hearts  of  the  frog  into  the  veins  at  tbdr 
posterior  border,  with  which  thej  commnnicate  by  a  Talvnlar  opening,  are 
essentially  simikr  to  those  attending  the  propohnon  of  the  lymph  from  the 
eaodal  heart  of  the  eel  into  the  candsl  rein. 

The  vein  at  the  posterior  border  of  the  heart,  after  receiving  the  lymph, 
tnmed  behmd  the  large  transverse  process  of  the  third  vertebra,  and  passed 
forwards  along  the  inner  to  the  anterior  border  of  the  hearty  where  it  inos- 
cuhited  with  the  large  blackish  vein  which  nms  op  on  the  side  of  the  neck. 

This  large  blackish  vein  was  described  by  Professor  Johannes  MfiDer  as 
issuing  from  the  heart ;  but  the  author  has  not  found  it  to  do  so.  It  is 
merely  in  close  conneiion,  so  that  ii  is  dragged  backwards  by  communica* 
tion  of  the  movement  of  the  heart  in  contracting,  and  recoils  forwards  into 
its  previous  position  when  diastole  takes  place. 


III.  "Researches  on  Solar  Physics.  Ilcliorrraphical  Positions  and 
Areas  of  Sun-spots  observed  with  the  Kew  Fhotoheliograph 
during  the  years  1862  and  1863.''  By  Wabren  Db  la  Rue, 
Ph.D.,  F.R.S.,  F.R.A.S.,  Balfour  Stewart,  LL.D.,  F.R.S., 
F.R.A.S.  (Superintendent  of  the  Kew  Observatoiy),  and  Bbn« 
JAMiM  LoBWT,  F.R.A.S.   Received  March  31,  1868. 

(Abstract.) 

In  this  paper  the  sun-pictures  taken  by  the  Kew  photoheliograph  for 
Ibe  years  1862  and  1863  are  discussed ;  the  heliographic  latitude  and  longi- 
tude of  every  spot  is  given,  and  the  area  of  each  group  on  each  day  when 
it  was  observed  is  ezpiessed  in  millionth  parts  of  the  sun's  whole  hemi- 
sphsreal  area.  The  Kew  photoheliograph  itself,  as  well  as  the  instrument 
invented  by  Mr.  De  la  Rue  for  measuring  sun-pictures»  have  been  already 
described  by  Mr.  De  U  Rue  in  the  Bakerian  Lecture  for  1862.  These 
descriptions  are  not  therefore  repeated  in  this  paper ;  but,  on  the  other  band* 
the  method  by  which  the  heliograpluc  position  of  spots  is  deduced  from 
the  measurements  made  is  given  at  considerable  length. 

The  results  of  succeeding  years,  and  their  final  discussion  with  reference 
to  the  sun's  elementi^  will  be  published  heresfier. 
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lY.  «'Tbe  Specific  Heat  of  Mixtum  of  Aloobol  and  Water.''  By 
A.  Dxmitt,  Pb.]).,  Lectmer  od  Chemiatry  at  tlie  Wefttmintter 

Hospital,  and  F.  J.  M.  Page.  Communicated  by  C.  Brook£^ 
M.A.    Received  March  2G,  1868. 

(Abstract.) 

The  auHior-s  havu  examined  a  number  of  inixtures  of  alcoliol  and  water. 
They  show  that  the  specific  heat  of  these  mixtures,  up  to  ait  alcoliulic 
strength  ot  about  36  per  cent.,  is  higher  than  the  specific  heat  of  water 
itself. 

Two  methods  were  employed  for  estimating  the  specihc  lieat  exactly  op- 
posite in  principle. 

The  first  consisted  in  heatiug  a  metallic  weight  to  a  certain  temperature 
in  a  steam  ovtn,  similar  to  that  employed  by  ilegnault  in  his  researches, 
and  then  plunging  it  into  the  liquid  the  specific  heat  of  which  is  to  be 
estimated.  The  rise  in  the  temperature  of  equal  quantities  of  different 
liquids  produced  by  the  introduction  of  the  same  weight,  heated  to  the 
same  temperature,  is  inversely  proportional  to  the  specific  heat  of  such 
liquids. 

Two  weights  and  several  calorimeters  of  different  sizes  were  used.  One 
of  the  weights  was  made  of  brnss  and  weighed  246*49  grras.,  the  other  was 
of  copper  gilt  weighing  6 1  1  1 9  grms.  Both  weiglits  were  made  in  the  form 
of  stout  rings,  and  in  the  inner  cylindrical  opening  of  each  a  small  tun- 
wheel  was  iuserted. 

These  rings,  ulur  being  heated  and  let  down  into  the  ealorimeter,  were 
attached  to  a  strand  of  worsted,  and  held  freely  suspended  in  the  Uquid  of 
the  ealorimeter.  The  worsted  had  previously  been  twisted,  and  when  now 
allowed  to  untwist  it  causes  a  rapid  rotation  of  the  ring.  The  fan-wheel 
fixed  inside  the  ring  thereby  produces  a  current,  which,  passing  through 
the  ring,  not  only  serves  to  mix  the  liquid  thoroughly,  but  also  consider- 
ably facilitates  the  rapid  cooling  of  the  weight. 

The  calorimeters,  as  usual,  consisted  of  cylindrical  Teasels  made  of  Tery 
thin  polished  brass,  supported  on  stretched  silk  cords,  and  sumnmded  by 
a  double  cylinder  of  tin-pUte  to  prevent,  as  ikr  as  poenble,  any  gain  or  loss 
by  ladialifai. 

Hie  tempeiatute  of  tbe  liquid  wai  taken  by  a  imall  thefosometer,  having 
a  bolb  00  niiUims.  long  and  about  2*5  ndttfani.  ^ameCer.  'Eadi  degree 
was  divided  into  twenty  parts,  and  by  means  of  a  teleieope  of  a  degree 
eooldbe  read  off. 

Tbe  antbois  give  experiments  wblcb  prove  tbat  tbe  high  specific  beats 
obsemd  are  not  due  to  evaporatbn  caused  by  tbe  introduction  of  tbe 
bested  metals  into  tbe  calorimeter. 

Tbe  second  metbod  used  was  tbat  genendly  employed.  A  certain 
weigbt  of  tbe  liquid,  tbe  specific  beat  of  wbieb  is  to  be  e^matedt  enclosed 
in  a  suitable  tesselt  is  beated  and  tben  plunged,  Tcssel  and  all,  into  a 
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calorimeter  containing  a  kuown  weight  of  distilled  water.  The  tempera- 
ture of  the  calorimeter  will  rise,  owinr;  to  (lie  introduction  of  the  heatui 
liqUKl,  and  the  tlevations  in  tonipiTatvire  produced  hy  ditVereut  li(|LUii3 
will,  in  this  case,  be  directly  |)ropurtional  to  their  specific  heats. 

Tlie  fohowing  Tabh's  give  the  means  of  the  various  results  ohtained. 

Four  series  of  ex|)erinients  were  made.  In  the  first  scries  tiie  brasa 
weight  was  employed  ,  it  was  healed  to  a  temperature  of  ahont  98^  C.  Iq 
the  second  and  third  series  the  copper  weight  was  used,  heated  to  about 
98°  and  42°  C.  respectively.  The  fourth  series  was  conducted  in  the  ordi- 
nary manner. 

SjpeoUloliwtor 

5  per  cent  tpifit   Series  II   101*5 

10  per  eent.  fpirit   Series   I.  103*56 

Series  IL  103-49 
Series  IIL  103*83 

Series  IT.  103*71  ' 

Mewi   103*64 

20  per  cent,  spirit   Series  L  104*16 

Series  IL  104-27 
Series  IV.  104-49 

Mesn   104-30 

30  per  cent,  spirit   Series  II   102*47 

36  per  cent,  spirit   Series  II   99*90 

43  per  cent,  qpirit   Series  II   97'59 

83  per  cent,  spirit   Series  II   65-88 

The  authors  finally  draw  special  attention  to  the  circumstance  that  the 
specific  heat  of  these  mixtures  not  only  rises  in  some  cases  (up  to  au 
alcoholic  strength  of  36  per  cent.)  above  the  specific  heat  of  water,  but  is 
above  tlie  calculated  mean  specific  heat  up  to  an  alcoholic  strength  of 
about  74-80  per  cent.  ;  beyond  which  it  seems  slightly  below  the  calcu- 
lated mean  according  to  the  researches  of  Regnault  and  Kopp. 

The  maximum  elevation  above  the  calculated  mean  coincides  pretty 
closely  with  the  point  of  maximum  contraction. 
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May  7, 1868. 

Dr.  W.  B.  CABP£NT£R,  Vice-PresideDt,  in  the  Chair. 

In  coiifunnity  with  the  Statutes,  the  names  of  the  Candidates  recom- 
mended for  election  iuto  the  Society  were  read  from  the  Chair,  as  follows 


John  Ball,  Esq.,  M.A. 
Henry  CbArlton  Bastiao,  M.D. 
Lieut. -Colonel  John  Cameron,  B.E* 
Prof.R.  Bellamy  Clifton,  M.A. 
Morgan  William  Crofton,  Esq.,  B*A« 
Joseph  Barnard  Davis,  IM.D. 
P.  Martin  Duncan,  M.B. 
Peter  Griess,  Esq. 
Aiigostus  George  Vernon  Harconrt, 
Esq. 


Rear-Admiral  Astley  Cooper  Key, 

C.B. 

Rear-Admiral  Erasmus  Ommaney, 
C.B. 

James  Bell  Pettigrew,  M.D. 
Edward  James  Stone,  Esq.,  M.A. 
Rev.  Henry  Baker  Tristram,  M.A, 
William  Sandys  Wright  Vaux,  Esq., 
M.A. 


The  following  communications  were  read : — 

I.  ''Researches  on  the  Blood. — On  the  Action  of  Nitrites  on  the 
Blood.*'  By  Arthur  Gamoeb^  M.B.^  P.B.S.E.,  Assistant  to 
the  Professor  of  Medical  Jurisprudence  in  the  University  of 
Edinburgh.  Communicated  hy  Prof.  Franklakb^  F.R.S. 
Becetved  April  1,  1868. 

(Abstract.) 

The  paper  oommences  with  a  statement  of  the  facts  with  which  we  are 
at  present  acquainted,  relating  to  the  nature  and  character  of  the  blood- 

colouring-matter,  and  its  relation  to  gases. 

I.  The  action  of  nitrites  in  modifying  the  colour  and  spectrum  of  blood 
is  then  described.  Under  the  influence  of  nitrites,  arterial  blood  assumes 
a  chocolate  coloration.  Coinddently  the  bands  of  scarlet  cruorioe  (or 
oxidized  haemoglobin)  become  very  faint,  and  an  additional  absorption 
band,  occupying  the  same  position  as  that  of  acid  hcematin,  appears.  The 
addition  of  ammonia  to  blood  in  which  nitrites  have  induced  the  charac- 
teristic change  of  colour  and  spectrum,  causes  the  red  colour  to  return  and 
^ves  rise  to  a  new  spectrum  in  which  the  normal  blood-bands  nre  again 
better  defined,  but  accompanied  by  a  iaint  and  rather  undefined  absorption 
band  in  the  orange.  It  appears  iVom  the  experiments  of  the  author  that 
the  change  in  optical  properties  induced  by  ammonia  is  not  due  to  any 
decomposing  action  exerted  upon  the  body  formed  under  the  influence  of 
nitrites;  for  on  neutralizing  the  solution  to  which  ammonia  has  been  added, 
the  original  spectrum  is  reproduced.  When  sulphide  of  ammonium,  or  a 
reducing-solution  of  iron  is  added  to  a  blood  solution  which  has  been  acted 
upon  by  nitntes,  all  effects  of  their  action  disappear,  and  the  solution  again 
possesses  the  spectrum  of  oxidized  blood-colouring-matter,  although  precau- 
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tbns  have  been  taken  to  exclude  aimosplierie  air.  The  contmned  action 
of  the  redacing-soltttion  then  leads  to  the  reduction  of  the  blood-colouring- 
matter,  which  when  shaken  with  air  agam  yields  the  peHeetly  normal 
spectrum  of  blood.  It  would  therefore  appear  that  when  nitrites  act  upon 
the  blood-colooriog-matter  they  do  not  decompo§e  it,  nor  thrust  out  or 
remove  the  loose  oxygen  with  which  it  is  combined. 

II.  The  author  then  describes  a  aeries  of  experiments  instituted  with  the 
object  of  determining  whether  blood  which  has  been  acted  upon  by  nitrites 
has  lost  its  power  of  combining  with  the  atmospheric  os^ygeii.  The  appa- 
ratus and  methods  used  are  described,  and  it  is  shown  that  the  amount  of 
oxygen  which  oitrite-blood  absorbs  is  much  smaller  than  that  absorbed  by 
normal  })lood. 

III.  In  the  next  series  of  experiments  the  author  made  use  of  carbonic 
oxide  gas  as  a  reagent  to  indicate  whether  after  the  action  ot  nitrites  the 
loose  oxygen  of  the  colouring-matter  is  still  capable  of  expulsion  by  CO. 
With  this  object  the  blood  was  arterialized  by  agitation  with  air  and  treated 
with  a  solution  of  a  nitrite.  After  some  time  it  was  brought  in  contact 
with  a  measured  volume  of  pure  carbonic  oxide ;  after  being  well  agitated 
and  allowed  to  remain  in  contact  with  it  for  some  time,  the  gas  was  re- 
moved and  analyzed.  It  was  found  in  these  experiments  that,  after  the 
action  of  nitrites,  the  loose  oxygen  of  the  blood-colouring-mattcr  (which 
the  observations  mentioned  under  I.  had  been  shoun  to  be  neither  expelled 
nor  taken  possession  of  by  the  nitrite)  was  so  looked  up  as  to  be  irre- 
moveable  by  carbonic  oxide. 

IV.  The  methods  which  have  been  employed  by  other  observers  for  re- 
moring  the  gases  from  the  blood  are  then  examined,  and  the  author  de> 
scribes  the  way  in  which  he  employed  Sprcngel's  mercurial  aspirator  to 
effect  the  object  which  he  had  in  view.  He  shows  that  with  this  instru* 
ment  and  following  his  method,  the  gases  of  the  blood  may  be  separated  by 
boiling  in  vacuo  during  twenty-five  or  thirty  minutes. 

The  gases  of  both  normal  blood  and  blood  treated  with  nitrites  wrera 
boiled  out  in  vacuo,  their  amount  estimated,  and  their  composition  deter- 
mined. It  is  shown  that  when  blood  has  been  acted  upon  by  a  nitrite,  the 
amount  of  oxygen  which  can  be  removed  by  ebullition  in  a  yeiy  perfect 
vacuum  is  immensely  dimbished,  the  greatest  difference  being  perceived 
when  the  nitrite  had  been  in  contact  with  the  blood  duriog  the  longest 
period  of  time. 

V.  Although  blood  which  has  been  acted  upon  by  nitrites  has,  to  a 
great  extent,  lost  its  power  of  absorbing  oxygen,  it  still  retains  the  property 
which  normal  blood  possesses  of  ozonixing  the  atmospheric  oxygen.  Ni- 
trite-blood reacts  with  guaiaciim  paper  exactly  like  normal  blood,  and  when 
added  to  a  solution  of  peroxide  of  hydrogen,  it  causes  an  evolution  of  oxy2:en, 

VI.  Tlie  changes  in  the  optical  properties  of  blood  are  shown  to  be  due 
to  the  formation  of  compounds  of  the  nitrite  used  with  oxidized  hoe  mo- 
globing  these  compounds,  with  the  exception  of  that  with  nitrite  of  silver. 
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present  the  same  crystalline  form,  colour,  and  spectrum,  whatever  the  nitrite 
which  has  been  employed.  The  author  has  obluiucd  eompouuds  of  hfiemo- 
globhi  with  nitrite  of  sodium,  potassium  and  silver,  and  with  nitrite  of  nniyl. 
The  methods  of  preparing  them  are  described,  and  the  results  of  arutlysis 
I^Ten ;  these  show  that  the  amount  of  a  nitrite  which  addb  itself  to  oxidized 
haemoglobin  varies  considerably. 

Having  stated  the  conclusions  which  he  thinks  may  legitimately  bo 
draim  from  his  investigations,  the  author  concludes  by  making  some  obscr- 
TAtioiui  upon  the  relation  which  the  compounds  of  nitrites  with  haemoglobin 
bear  to  the  previously  known  haemoglobin  compounds. 

We  bane  hitherto  been  acquainted  with  heemoglobiu  itself,  as  well  as 
with  its  O,  CO,  and     0,^  compoimds. 

These  oompoonds  aro  aU  isomorpbous,  and  po»es8  almost  the  same 
])hysical  characters ;  in  each  of  them  hemoglobin  free  from  oxygen  e, 
reduced  htemoglobin)  has  apparently  linked  to  it  a  molecule  of  O,  CO,  or 
N,0^  respectively,  the  stability  of  the  compound  being  least  3n  the  case  of 
the  O,  and  greatest  in  that  of  the  compound.  All  these  bodies,  and 
preeminently  the  O  compound^  are  examples  of  a  class  of  bodies  which 
stand,  as  it  were,  on  the  boundary  line  which  separates  chemical  from 
physical  combination,  being  examples  of  the  class  to  which  the  term  "mo- 
lecular CO  rn  p  0  unds  "  has  been  given.  Like  other  molecular  compounds,  their 
composition  varies  extraordinarily  within  certain  limits,  and  is  influenced 
by  circumstances  and  conditions  which  have  no  action  on  chemical  com- 
pounds proper. 

That  a  body  possessing  such  a  very  complicated  molecular  structure  as 
hsemoglobin  should  present  numerous  points  of  attachment,  as  it  were,  for 
the  Imking  on  of  such  active  condensed  bodies  as  the  nitrites  is  not  impro- 
bable; nor  is  it  remarkable  that,  as  in  the  case  of  other  combinations  *'  of 
a  molecular  kind,'*  such  as  the  union  of  salts  with  their  water  of  crystalliza- 
tion, of  sugar  with  bases,  of  albumen  with  metallic  oxides,  of  the  com- 
pound ammonias  with  iodine,  the  amount  of  the  new  and  more  simple 
body  added  to  the  hmmoglobin  should  vary  within  wide  limits. 

Simultaneously  with  the  researches  which  the  author  has  conducted  on 
the  action  of  nitrites  on  blood,  those  now  being  made  by  Hoppe  S^ler  * 
and  Preyert>  sllhough  discrepant  in  many  particulars,  seem  to  show  that 
hydrocyanic  acid  possesses,  like  nitrites,  the  power  of  linking  itself  to  oxi- 
dised hsemoglobin,  forming  a  body  which  is  isomorphons  with  it,  but 
possessing  a  ditferent  absorptbn  spectrum,  and  mcapable  of  absorbing 
oxygen. 

This  body  appears  not  to  possess  the  power  of  osonizing  the  atmospheric 
oxygen,  a  feet  which  is  strange,  as,  besides  being  possessed  by  the  O  com- 

*  Mf<:1ic{ni<«cb>clietni»cho  UnteriuchuD^u.  Zwoiter  Heft,  1867t  CyaDwaticrstoiThaiao- 
globinvcrbindungen.p.  201. 

t  Die  VrsMlie  der  Oifligkclt  de«  C)«nknllum  iind  der  BlamaoM,  von  W.  Fftyer. 
Yirdiow**  Aidttv,  Bd.  xl  21  Hit  Sept,  1667. 
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pound,  tins  property  is  nlso  possessed  by  the  CO  and  N,0,  compoonds  of 
hsemoglobiii^  sxa  well  as  ])y  the  nitrite  compounds  of  oxidised  hKmogloliiA. 
It  is  probable  that  we  may  now  find  that  a  large  number  of  eond«lMd  bodicf 
Bare  the  property,  like  the  nitrites,  of  forming  combiDaftioiis  with  tho  blood- 
colouring-matter. 

II,  "  Microscopical  characters  of  the  rhythmically  contractile 
Muscular  Coat  of  the  Veins  of  the  Bat's  AVin<^,  of  the  Lym- 
phatic Hearts  of  the  Frog,  and  of  the  Caudal  Heart  of  the 
Eel.  Tn  Three  Parts. — Part  I.  ^1  iciuscopical  characters 
of  the  rhythmically  contractile  ^rusoular  Coat  of  the  Veins 
of  the  Web  of  the  Bat's  Wing."  By  Thomab  Wharton  Jones, 
F.R.S.,  Professor  of  Ophthalmic  Medicine  and  Surgery  ia 
Uuiversi^  College^  &c.    Received  April  1868. 

(Abstraet.) 

Tills  is  Part  !.,  of  a  scries  of  three,  of  a  paper  on  the  Tnicroscopical 
characters  of  rlivtliinlcallv  contractile  muscular  tissue,  other  than  thai  of 
t!ir  Wood -heart.  It  coin  prises  a  reexaminatiou  of  the  microscopical  cha- 
racters of  the  rhythmica^hj  contractile  muscular  coat  of  the  veins  of  the  hat's 
wing,  autl  is  offered  by  the  author  as  Appendix  No.  3  to  his  paper  in  the 
Philosophical  Transactions  for  1852,  entitled  "  Discovery  that  tiie  veins  of 
the  Bat's  Wing  (which  are  furnished  with  valves)  arc  (  inlawed  with  rhyth- 
mical contractihtv,  and  that  the  onward  flow  of  the  blood  is  accelerated 
by  each  contraction.**  This  reexamination  supplies  additional  detail?, 
illustrate<l  by  more  correct  figures,  confirmatory  of  the  author's  previous 
descripti  on  of  the  microscopical  characters  of  the  muscular  cont  of  the 
veins  of  the  bat's  wing.  The  author  examines  also,  by  way  of  comparison, 
the  tonicnthj  contractile  muscular  coat  of  the  arteries,  and  points  out  that, 
though  the  hbrils  of  the  muscular  coat  of  the  veins  do  not  present  trans- 
verse markings,  they  differ  in  their  microscopical  characters  as  much  from 
the  fibrils  of  the  muscular  coat  of  the  nrterii^^,  as  the  transversely  striped 
musrular  fibrils  of  the  bat's  heart  do  from  them.  He  insists,  therefore, 
iu  conclusion,  that  there  are  no  grounds  for  an  implied  physiological  form 
of  the  doctrine  of  isomerism,  viz.  similarity  of  structure,  with  different 
endowments. 

Part  IT.  Microscopical  characters  of  the  rhythmically  con- 
tractile Muscular  Coat  of  the  Lymphatic  Hearts  of  the  Frog.'* 
Received  April  13,  1868. 

The  author,  in  this  second  part  of  his  paper,  first  calls  attention  to  the 
fact  that,  on  viewing  the  anterior  lymphatic  heart  from  the  front,  af\er 
dissecting  down  upon  it  from  the  back,  he  sometimes  found  its  cavity 
filled  with  air  or  blood.   The  way  by  which  the  air  or  blood  had  entered 
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he  considers  to  liAve  been  tbrongli  the  Ijmph-spaces  opened  mto  in  the 
coune  of  the  dissection  \  icnd  the  mode  of  entrance  he  considen  to  have  been 
by  suction  during  diastole  of  the  heart.  The  sacking  action,  bj  which  the 
heart  thus  draws  air  or  blood  into  its  cavity  when  the  lymph^spaces  are  cut 
into,  must  operate,  according  to  his  Tiew,  as  a  means  of  promoting  the 
flow  of  lymph  in  the  natural  state.  After  describing  the  mechanism  of 
the  process,  the  author  examines  the  microscopical  characters  of  the  proper 
muscular  tissue  composing  the  wall  of  the  lymphatic  heart.  The  result  of 
his  observations  on  this  point  is,  that  the  muscular  tissue  of  the  lymphatic 
hearts  of  the  frog  is  similar  to  thatof  tlie  veins  of  the  bnt's  wing,  ns  regards 
both  its  granular  semi  transparent  aspect  and  the  breadth  of  its  fibrillations, 
whilst  it  differs  from  the  muscular  tissue  of  the  blood*heart  of  the  animal 
in  being  destitute  of  transrerse  markmgs. 

Part  III.  "  Microscopical  characters  of  the  rhythmically  con- 
tractile Muscular  Coat  of  the  Caudal  Heart  of  the  £el."  Be- 
oeired  April  %l,  1888. 

The  caudal  heart  of  the  eel  lies  m  a  kind  of  framework  on  ihu  abdominal 
aspect  of  the  extreme  end  of  the  vertebral  culumn.  The  body  of  the  last 
caudal  vertebra  fori  is  the  dorsal  side  of  tliis  fraijicvork,  and  a  ridge  of 
bone,  extcnJini;  aloiig  its  concave  abdominal  aspect,  must  proj i  ct  into  the 
caudal  heart,  jjartialiy  dividing  it  into  right  an  J  icit  cuaijKutuKiit.s.  Tiie 
caudal  heart  of  tlic  c  lI  would  thus  appear  to  represent  the  two  caudal 
sinuses  of  certain  other  liihes  j-un  into  one. 

From  the  manner  in  which  the  caudal  heart  is  connected  with  the  sur- 
rounding structures  of  the  tail,  its  movements  arc  communicated  to  theui 
as  described  in  the  author's  paper,  entitled  "  The  Caudal  Heart  of  the 
Eel,  a  Lymphatic  Heart,"  &c.  By  the  elastic  recoil  of  the  structures,  on 
the  other  hand,  the  cavity  of  the  heart  is  drawn  into  a  state  of  dilatation  ; 
and  the  result  must  be,  as  in  the  analogous  case  of  the  anterior  lymphatic 
hearts  of  the  frog»  that  lymph  will  be  forced  into  the  heart  from  the 
adjacent  lymphatic  TCssels  or  spaces. 

The  muscular  fibres  composing  the  walls  of  the  caudal  heart  resemble 
in  shape  the  sheathed  primitire  fasciculi  of  the  muscles  of  the  skeleton, 
but  are  only  half  as*  broad,  and  they  are  not  transversely  striped.  They 
have  a  granular  aspect,  and  on  close  examination  are  found  to  be  a  fasdcnlus 

dbiils         of  an  inch  broad,  contained  in  a  delicate  structureless 

sheatii.  These  fibrils  resemble  the  fibril:*  of  the  nin-^enlar  coat  of  the  veins 
of  the  bat's  wing,  and  of  the  muscular  cont  of  the  I\  Mij  hatic  hearts  of  the 
frog,  and  may  be  groujied,  the  author  ihuiks,  together  with  tbeni  under  a 
common  head,  viz*  unstriped  rhythmically  contractile  muscular  Jidriie, 
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III.  "  On  Wayes  in  Liquida/'  By  W.  J.  Macquokn  Rankine^ 
C.E.^  LL,D.,  F.B.S.   Received  April  16^  1868. 

(Abstract.) 

(1)  Ohjcct  of  this  Paper. — It  has  long  been  known  tlint  in  nil  uniform 
cnn;»]  tilkil  with  liquid,  the  speed  of  ndvancc  of  aware  in  wliit'h  tlic  horizontal 
component  of  the  disturbance  is  uniform  from  surface  to  bottom  is  etiual  to 
the  velocity  acquired  by  a  lieavy  body  in  falling  through  half  the  depth  of 
the  canal.  But,  »o  far  as  I  know,  it  has  not  hitherto  been  pointed  out 
that  a  similar  law  exists  for  waves  transmitting;  a  disturbance  of  any  possible 
kind  in  a  liquid  of  limited  or  unlimited  depth,  provided  only  that  the 
upper  surface  of  the  liquid  is  a  surface  of  uniform  pressure.  Tlic  object 
of  this  paper  is  to  demonstrate  that  law,  and  to  show  some  of  its  applica- 
tions. 

(2)  Velocity  of  Advance  dejined. — -Throughout  this  investigation  the  ve- 
locity of  advance  of  a  wave  will  be  defined  to  be  the  mean  between  the  velo- 
cities with  which  the  shape  of  the  wave  advances  rtiati.ely  to  a  snrfacc- 
particle  at  the  crebt,  and  to  a  surface-particle  in  the  trongh  rc^^pLcUvciy. 
In  ordinary  rolling  waves  the  velocities  of  particles  in  those  two  posiLioiis 
arc  equal  and  contrary,  so  that  the  speed  of  advance  as  above  defined  is 
equal  to  the  speed  of  advance  of  the  wave  relatively  to  tbe  earth.  A  wave 
of  translation  in  which  the  veloeitiea  of  particles  at  the  crest  aad  hollow 
are  not  equal  and  contrary,  may  be  regarded  as  produced  by  componndii^ 
the  motion  of  a  rolling  wave  with  that  of  a  current  whose  velocity  is  half 
the  difference  of  tbe  velocities  of  those  particles. 

(3)  Relation  between  height  o/wave  and korisonial  dieiurbanee  at  the  «tfr« 
faee, — ^Thc  followiogrelation  between  the  height  of  a  wave  and  the  horisontal 
disturbance  of  the  surface-particles  has  already  been  proved  and  made  use  of 
by  various  authors ;  and  it  is  demonstrated  here  for  convenience  only.  Let 
-|>  and  I  be  the  velocities  of  a  surface-particle  at  the  crest  and  trough  of 
a  wave  respectively.  Let  a  be  tbe  velocity  of  advance  of  the  wave  as  defined 
in  article  2.  Conceive  a  horisontal  cnnrent  with  the  uniform  velocity  —a 
to  be  combined  with  the  actual  wave-motion  $  the  resultant  motion  is  that 
of  an  undulating  current,  presenting  stationary  waves  in  its  course ;  and  the 
forces  which  act  on  the  partides  are  not  altered.  The  resultant  velocity  of 
a  particle  at  the  crest  becomes  ^a-f-u,;  and  the  resultant  velocity  of  a  par- 
ticle in  the  trough  becomes  — a~ti^.  Let  the  height  from  trough  to 
crest  be  denoted  by  Ar ;  then,  since  the  upper  surface  of  the  liquid  is  sop^ 
posed  to  be  a  surface  of  uniform  pressure*  the  principle  of  the  conservation 
of  energy  gives  the  following  equation : 

^A*=H(«  +  »0'-(«-«,y}=2aii,  (I) 

(4)  Virtual  Depth  of  Uniform  Horizontal  Disturhance, — By  the  phrase 
*' virtual  depth  of  uniform  horizontal  disturbance,"  or,  for  brevitv's  sake, 
virtual  depth,  I  propose  to  denote  the  depth  in  the  liquid  to  which  au  mmi- 
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fitrm  korigontal  dUturbante  wnM  htm  ia  e^nd,  in  order  to  make  the 
amownt  of  horizontal  dUturhanee  equal  to  the  actual  amount.  That  is  to 
soy,  conoeiTe  that  a  pair  of  Teitieal  planes  normal  to  the  direction  of  ad- 
vance^  and  each  of  tlie  breadth  unity«  coincide  at  a  given  initant,  one  with 
the  trongh'line  or  furrowt  and  the  other  with  the  creat-line.or  iidge>  which 
hound  one  of  the  slopes  of  a  wave.  We  will  suppose  this  to  he  the  front 
slope,  merely  to  fix  the  ideas ;  for  similar  reasoning  applied  to  the  back 
slope  leads  to  the  same  results.  At  a  given  depth  g  below  the  surface,  let 
— be  the  horiiontal  velodtj  with  which  particles  are  in-  the  act  of  pass- 
ing backwards  through  the  plane  of  the  trough,  and  4-«'  the  velocity  with 
which  particles  are  passing  forwards  through  the  plane  at  the  crest ;  then 
the  rate  by  volume  at  which  liquid  Is  passbg  into  the  space  between  those 
two  planes  is 

the  integrations  extending  from  the  surface  to  the  bottom.  I«et  k  denote 
the  virtual  depth ;  then 

i^i^^'+i'"'^.  (2) 

2». 

(5)  Relation  between  Virtual  Depth  and  Speed  of  Advance. — ^In  an  in« 
definitely  short  interval  of  time  dt,  the  volume  of  liquid  which  passes  into 
the  space  between  the  two  vertical  planes  mentioned  in  article  4,  is 

2ku^dt; 

and  in  order  to  make  room  tor  thai  voluna  of  liquid,  the  front  slope  of  the 
wave  must  swec})  iu  the  same  interval  of  time  through  nu  equal  volume. 
Bui  the  volume  swept  through  by  the  front  of  the  wave  la 

adttlz  ; 

SO  thaty  cancelling  the  common  factor  dt,  we  have  the  following  equation : 

2au 

but,  according  to  cquatiou  (i),  Ass=.- — ^ ;  which  value  beuig  substituted  in 
the  above  equation,  gives 

and  therefore 


2c^,  oi 


a* 


— =A,  md^a'B^oki     ....  (3) 

so  that  the  velocity  of  advance  of  a  wave  (defined  as  in  article  2)  is  equal 
to  that  acquired  by  a  body  in  falling  through  half  the  virtual  depth  i  and 
this  is  true  for  all  possible  waves  in  which  the  upper  surface  is  a  surface  of 
uniform  pressure, 

(In  article  6  of  the  paper,  the  speed  of  advance  of  a  wave  of  translation 
is  expressed  by  combining  the  speed  of  a  toUing  wave,  Vgh,  with  that  of 
a  supposed  current*  as  stated  in  article  2. 
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In  articles  7,  8,  and  9  the  law  which  connects  the  speed  of  advance  of  a 
wave  with  the  virtual  depth  is  compared  with  the  already  known  laws  of 
the  transiuission  of  rolling  waves  in  water  of  limited  or  unlimited  depth. 
The  principal  results  may  be  summed  up  as  follows.    Let  T  be  the  periodic 


height  of  the  pendulum  whose  period  is  the  same  s  es         the  roUutg 

radtu9,  being  the  radius  of  a  circle  whose  circumference  is  equal  to  a  wave- 
length ;  t/j  the  greatest  horizontal  velocity,  and  ?Cj  the  greatest  vertical  velo- 
city of  a  surface-particle ;  a  the  velocity  of  advance ;  then 


(10)  Oblique  Advance  of  Forced  Waves, — Lct«  be  the  velocity  with 
which  a  floating  solid  body  is  driven  iiorizontally ;  the  wave  which  that 
solid  body  pushes  or  drags  along  with  it  is  forced  to  advance  at  the 
velocity  s  also  ;  while  the  virtual  depth  of  disturbance,  bears  some  rela- 
tion to  the  depth  of  immersion  and  figure  of  the  solid  body.  If  the  speed 
of  advance  corresponding  to  that  depth,  a=  \^gf^',  is  less  than  a  pair  of 
wave-ridges  diverge  obliquely  from  the  path  of  the  floating  body  towards 
opposite  sides ;  and  the  sine  of  the  angle  which  each  of  those  ridgea  makes 

with  that  path  is  ~.  Such  is  the  mode  of  formation  of  the  obliquely  spread- 

ing  waves  which  travel  along  with  ships*. 

When  the  velocity  of  the  floating  body  is  less  than  the  speed  of  advance 
eonresponding  to  the  depth  to  which  it  disturbs  the  liquid  in  its  immediate 
neighbourhood,  it  is  probable  that  the  virtual  depth  of  disturbance  of  parts 
of  the  liquid  beyond  the  immediate  action  of  the  floatmg  body  adjosta  itself 

to  tlic  velocity,  and  assumes  the  value 

9 

1 1 .  PombUHy  ofObUquehj  Advancing  Tidal  Waves, — It  is  possible  that 
instead  of  a  depth  less  than  the  virtual  depth  corresponding  to  the  speed  of 
advance  of  a  tidal  wave,  the  ridge  of  that  wave  may  place  itself  in  a  position 
oblique  to  the  parallels  of  latitude,  according  to  the  principle  stated  in 
article  10.  It  still  remains  to  be  ascertained,  by  the  study  of  tidal  obser* 
vatious,  whether  such  phenomena  take  place  in  the  tides  of  the  ocean. 

12.  Terminal  Velocity  of  IVaves.— It  is  known  that  in  deep  water  all 
waves  left  free  from  the  action  of  disturbing  forces  tend  ultimately  to  assume 
the  condition  of  free  roUing  waves  whose  velocity  of  advance  depends  on 

*  See  WattSi  takiae,  Napier,  sad  Baniet,  *  Ob  Ship-bnildidg/  DhMoii  L  Artidc  1M| 


and 


p.  79. 
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their  periodic  time,  and  is  expressed  by  the  equation  a=i^.   This,  tfaen» 

may  be  called  the  terminal  vt'Iocihj  of  a  wnvcof  a  given  perioJ.  It  follows 
thni  if  ft  wpivo  is  raised  througii  l!io  tlislurbniKT  produced  by  a  solid  body, 
lliat  wave  wiW  at  iirst  travel  with  iitpccd  depending  on  the  virtual  depth  of 
the  origiuftl  disturbauce ;  but  ns  it  advances  to  a  greater  and  greater  dii- 
tance  from  the  disturbing  body,  tlie  velocity  of  advance  will  gradually  aj)- 
proximate  to  the  terminal  velocity  corresponding  to  the  periodic  time,  and 
the  virtual  depth  will  (  oniinually  adjust  itself  to  tlic  changing  velocity,  and 
approximate  gradually  to  the  ecpiivalcnt  pi  ndnluin  corresponding  to  the 
periodic  time.  Such  is  the  cause  of  the  forward  curvature  cf  the  ridges  of 
the  obli(juely  diverging  waves  which  follow  a  ship*. 

May  14,  18()«. 
Liettt.«General  SABINE,  President^  in  the  Chair. 
The  Bight  Hon.  the  Earl  of  Rosse  was  admitted  iuto  the  Society. 

The  following  communications  were  read : — 

!•  ''Seieutific  Exploration  of  Central  Australia/'  By  Dr.  G. 
Neu MAYER.  Communicated  by  the  President.  Keceivcd 
April  20, 1868. 

If  we  look  on  a  map  of  the  Australian  continent  published  ten  years 

ago,  we  arc  struck  by  the  immense  expanse  of  land  then  unexplored;  we 

perceive  at  a  glance  that  tho  south-eastern  sea-board  only  of  this  great 

continent  had  then  been  examined  with  any  degree  of  accuracy,  and  that 

very  little  was  known  to  us  respecting  the  character  of  its  shores  on  the 

west  and  north-weat.   In  two  quarters  only  had  the  seal  and  daring  of  the 

explorer  succeeded  in  forcing  a  path  towards  the  central  portions  of  this 

vast  territory.  Start  having  penetrated  as  far  as  24P  South  and  138°  £ast« 

and  Gregory  as  iar  as  21°  South  and  128^  ISast.   The  nature  of  the  coun* 

try  traversed  by  these  two  eminent  explorers  was  such  as  to  countenance 

the  supposition,  that  the  interior  of  Australia  waa  little  better  than  one  vast 

desert,  offering  almost  insurmountable  obstacles  to  exploration*  The  idea, 

originally  advanced  by  Oxley,  that  the  greater  part  of  the  interior  was 

occupied  hj  vest  inland  lakes,  was  then  abandoned ;  and  the  theory  just 

mentioned  took  its  place.   In  such  a  state  of  utter  uncertainty  as  to  the 

nature  of  the  interior  of  a  vast  contmeat,  it  is  but  natnral  that  varbus 

theories  should  be  started ;  and  no  doubt  they  will,  in  the  end,  help  to  keep 

up  the  spirit  for  rigorous  examination  and  exploration,  yet  care  must  be 

taken  that  they  do  not,  by  the  unfavourable  nature  of  their  supposiUons, 

tend  to  discourage  enterprise.  From  such  a  danger  we  bad  a  narrow  escape 

*  This  is  cxplaiiied  in  greater  detail  in  a  paper  read  to  the  Institution  of  Nafal  Areht- 
teeti  on  tlie  4tk  of  April  1868. 
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duriiif;  tlie  vtars  rollowins;  A.  C.  Gregory's  exploration  of  the  mterior,  and 
his  t'\j)c<liiioii  in  j^('ar(?li  olDr.  Lciclihanlt,  as  at  that  time  it  was  generally 
believed  that  the  arid  phiins  a:  d  stony  deserts  met  with  in  the  east  and 
soiitli,  nml  the  sandy  (h^ert  in  the  nortli-west,  were  but  the  outskirts  of 
A  desert  count rv  uni»,iral]clfd  on  our  Ldube. 

Fortunately,  hu\v<  ver,  for  tlie  ])r(  ^rn  ss  of  civilization  nnd  i^eoi;rn{»hic;ii 
knowledge,  this  unfavourable  oj)iaion  ;i<  to  the  nature  of  tlie  interior  was 
not  universally  cuterlained.    Mnny  men,  ;vrll  versed  in  terrestrial  phyjiics, 
especially  with  reference  to  the  Australian  eontiaent,  could  not,  from  ran- 
som based  upon  meteorological  ob>er\  alious  made  in  the  south-cast,  concur 
in  the  prevailini;  belief.    They  Tirged  the  po<'?ibility  of  tracts  of  fine  cotin> 
try  iuterspersin;^  the  so-called  desert,  nnd  the  necessity,  in  any  case,  of 
clearing  up  the  mystery  still  £iUrr(ninJini;  this  important  geographical 
question;  and  in  this'Tiew  they  were  strongly  supported  by  the  improba- 
bility (generally  si)eakini;)  of  the  existence  of  a  desert  country  of  such 
enornu)Us  cxti  nt  and  such  a  description  in  any  part  of  the  eartli's  surface.  It 
would  be  useless  to  enter  now  upon  the  arguments  for  and  against  the  various 
opinions  set  forth  durini;  that  period  of  uncertainty,  except  that  they  mii^ht 
in  some  instances  serve  to  jiut  us  on  onriruard  against  advancing  or  accepting 
bold  conjectures  which  may  be  put  forward  at  any  future  time,  and  more  par- 
ticularly in  the  special  ca-.c  we  have  to  deal  with  in  this  paper.    Suffice  it 
to  Pfiy,  that  the  spirit  of  i  nterprisc  and  the  desire  of  increasing  our  gcogra- 
pliical  knowledge  triumphed  nt  last.    The  year  1860  gave  a  fresh  iuipuUe 
to  Australian  exjiloration,  and  will  for  ever  be  memorable  as  having  inau- 
guiatcd  a  new  era  iu  tiiis  re.-pcct.    In  the  end  of  that  year  nnd  the  beijin- 
ning  of  1861,  Burke  and  M'ills  crossed  the  continent  \sa\i  conij.arauvc 
case.    It  was  now  said  by  many  of  the  adherents  of  the  old  desert  doctrine, 
that  Burke  had  merely  hit  upon  a  narrow  strip  of  good  country,  which 
carried  him  across;  had  he  but  deviated  to  the  one  side  or  the  other  of 
hi  -  ])ath  lie  unist  have  failed  in  his  altenipt.    But  when  M'Dougal  Stuart 
three  times  crossed  and  rccro;^sed  the  continent  iu  other  parts,  nnd  the  last 
time  from  shore  to  shore — ^wheii  M'K inlay  made  his  way  from  South 
Australia,  by  way  of  the  Gulf  of  Carpentaria,  to  the  coast  of  Queens- 
laud,  driving  before  him  ailock  of  sheep — when  Walker  and  Landsborough 
had  aecom{>lished  their  journeys  through  the  imaginary  desert  couutrr — 
the  old  opinion  could  no  longer  be  maintained,  and  the  desert  theory  fell 
Utterly  into  discredit,  at  least  as  far  as  the  eastern  part  of  the  continent  is 
concerned.  Since  that  time  this  once  so  much  dreaded  task  has  been  several 
times  successfully  accomplished,  so  that  we  arc  now  enabled  to  giveaj^retty 
accurate  description  of  the  features  of  the  country  for;  nin^r  the  scene  of 
these  glorious  achievements;  and  as  it  will  doidnlejs  prove  of  muicrial 
assistance  to  the  comjdete  understanding  of  the  I'ollowing  cxj)osition  and 
plan,  I  may  here  be  permitted  to  give  in  a  few  words  an  outline  of  the 
main  character  of  the  ground  to  the  north  of  the  parallel  of  latitude  Jfi'^, 
between  the  coast-ranges  of  Queensland  and  Stuart's  route  through  the 
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centre,  which  embraces  nearly  the  whole  of  the  country  disco veied  aud 
exaiiuiicd  since  1860. 

From  the  records  of  the  various  explorers,  it  would  ap})car  that  the  line 
^vhich  divides  the  waters  flowing  to  the  coast,  and  those  iiowiug  to  the  in> 
teriur,  runs  from  19^^  S.  on  Stuart's  track  to  10°  S.  latitude  on  Lauds- 
borough's  south-west  expedition,  in  138°  east  longitude.    According  to 
Mr.  M'Intyre's  apparently  reliable  obserrations,  this  line  would  then  pass 
through  22°  S.  in  141^^      whilst  M'Kiulay  pUces  in  the  same  locality 
the  watershed  between  the  Middleton  and  Mailer  rivers,  in  a  latitude  but 
slightly  differlag  from  that  ju«t  named ;  and  in  Walker's  Diary  we  find  it 
pawing  through  31 1°  S.  and  145^  £.,  where  I  find  the  highest  ekvatioa 
recorded  by  the  latter  explorer  on  his  expedition  in  search  of  Burke  and 
Wills.   Mr.  A.  C.  Gregory's  exploration  places  the  continuation  of  this 
line  of  watershed  through  the  north>weit  in  13^  8.  and  130^  E.,  whilst  in 
the  east  it  meets  the  main  walenhed  between  the  Belyando  and  Thomson 
on  the  one  side^  and  the  Burdekin  and  Flinders  on  the  other,  in  about  21^ 
S.  and  145||°  £.   (See  accompanymg  map.)   The  sireep  of  this  line  leads 
across  a  sandstone  tableland  of  considerable  elevation— in  parts  even  as 
high,  if  we  may  rely  on  the  data  hitherto  collected  respecting  it»  as  1900 
or  2000  feet.  On  its  coast  side  this  tableland  inclines  somewhat  abruptly, 
whilst  towards  the  interior  it  slopes  more  gently,  thus  affording  a  ready 
explanation  of  the  marked  diffisrence  existing  between  its  river-systems, 
those  flowing  in  the  former  direction  passmg  through  well-defined  valleys, 
while  those  in  the  latter  direction  run  generally  in  shallow  beds,  and  are 
consequently  subject  to  excessive  evaporation  and  inundation  according  to 
the  season  of  the  year.   The  general  incline  of  the  country  from  longitude 
145**  to  Stuart's  track  in  about  135^  is  towards  south-west,  until  reaching 
near  the  latter  its  lowest  point,  as  we  feel  justified  in  concluding  from  the 
great  number  of  hot  springs  on  the  route  Stuart  pursued  when  crossing  the 
contment.   This  immense  tract  of  land  abounds  in  creeks  and  ill-defined 
water<courses.   In  many  cases  the  dividing  or  separating  ridges  of  sand- 
stone are  (probably  from  the  effects  of  floods  and  weather)  broken  up,  and 
cover  the  surface,  which  then  presents  a  desert-like  appearance^  only  here 
and  there  covered  with  a  scanty  v^tation,  consisting  mostly  of  Spinifex 
{Triodia  irriioM),  Very  frequently,  however,  these  ridges  have  succeeded 
in  resisting  the  destroying  effects^  and  we  then  meet  with  valleys  of  good 
soil,  covered  with  fine  grass  and  gum  forest ;  which  state  of  things,  hap- 
pily for  the  future  of  the  Australian  continent,  seems  to  predominate,  as 
we  learn  from  the  reports  of  explorers  who  passed  through  fine  country 
after  having  once  entered  the  tropic.  These  water-courses  of  the  interior 
basin  drain  partly  towards  the  Barcoo  River  (Cooper's  Creek),  partly  to- 
wards the  south,  splitting  up  into  innumerable  little  creeks  and  rills  with- 
out any  definite  direction.   As  an  example  of  the  latter  kind  may  be  men- 
tioned the  Burke  Greek,  which  at  times  causes  immense  inundations  in  the 
tract  of  country  near  25^  S.  and  140^  E.,  as  we  learn  from  the  reports  of 
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Bnrke,  Wills,  Howitt,  M'Ktuky,  and  Gregory.  To  tbe  south  of  this  region 
the  at  one  time  so  much  dreaded  "  Stony  Desert "  seems  to  extend  in  the 
manoer  indicated  on  our  map ;  and  it  certainly  bears  every  appearance  as  if 
this  region  of  sandstone  was  principally  caused  by  the  effects  of  the  inun- 
dations and  floods  ahready  referred  to.  For  whereas  it  is  very  easy  to  trace 
this  peculiar  phenomenon  to  the  sooth,  it  is  hardly  possible  to  define  it 
exactly  towards  the  north,  which  fiiet  accords  well  with  the  explanation  of 
its  true  origin  just  suggested.  The  careful  researches  of  Mr.  B.  Hasaen- 
stein*  have  tended  to  throw  new  light  upon  this  subject,  and  reduce  the 
Stony  Desert  to  its  proper  limits.  We  know  now  that  the  arid  plains  de- 
scribed by  some  explorers,  which  others  had  found  well  grassed  and  covered 
vrith  an  even  luxuriant  vegetation,  are  the  receptacles  of  the  waters  flowing 
from  the  north,  and  form  the  boundary  of  the  Stony  Desert  $  we  know 
moreover  that  extensive  tracts  of  fine  country  are  interspersed  with  strips 
of  stony  desert"  of  a  very  limited  extent.  Sucb  is  the  nature  of  the 
whole  country,  as  far  as  we  know  it,  from  the  meridian  of  145^  to  Burke's 
track.  Of  the  country  between  the  letter's  coarse  and  that  of  Stuart  very 
little  is  known ;  but  it  is  not  unreasonable  to  suppose  that  it  will  prove  to 
be  mostly  of  the  same  description  as  that  already  well  known  to  us,  as  it 
forms  only  the  lower  part  of  the  interior  basin  above  described,  the  very 
bottom  of  which  we  have  been  made  tolerably  well  acquainted  with  by 
Stuart's  exploration,  which  bears  out  that  supposition.  Further  to  the 
west,  in  the  unknown  country  between  Stuart's  track  and  the  west  coast, 
the  same  sandstone  tableland  probsbly  rises  again  to  the  high  ranges  which 
have  been  observed  by  the  various  explorers  who  have  penetrated  into  the 
interior  from  the  west,  attaining  in  some  parts  an  elevation  of  from  three 
to  four  thousand  feet  above  the  ocean.  Therefore  it  is  not  at  all  unlikely 
that  we  shall  find  in  the  western  half  of  the  central  basin  in  the  main  the 
same  state  of  things  which  we  have  found  to  exist  in  the  eas^  with  but  sneh 
slight  modifications  as  may  be  determined  by  the  configuration  and  lay  of 
the  country  in  connexion  with  the  prevailing  system  of  winds  and  contin- 
gent meteorological  phenomena. 

In  order  to  complete  the  general  description  of  this  portion  of  the  An- 
stralian  continent,  we  must  call  to  mind  the  effect  a  tropical  and  subtro- 
pical sun  must  naturally  exert  upon  a  territory  constituted  as  this  interior 
tableland.  During  ti  c  time  the  son  is  north  of  the  equator,  in  the  winter 
months  of  the  southern  hemisphere,  the  prcvnilini;  \>inds  are  from  south- 
east  all  over  the  northern  continent,  witli  little  and  only  occasional  rain; 
but  on  the  son's  approach,  during  October  and  November,  the  monsoon 
shifts  to  north-west,  and  brings  on  the  rainy  season,  gradually  advancing 
from  south  to  nortli  in  the  middle  of  December  and  January.  At  the  end 
of  this  season,  in  February  and  March,  and  about  the  time  preccdincr  the 
shifting  back  to  south-east  of  the  monsoon  in  April,  the  heavy  falls  of  rain 
and  the  soaked  state  of  the  soil  cause  those  immense  fioods  which  are 

*  FMermann,  Ifittheilungen,  1867,  p.  80. 
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recorded  in  the  Joumalfl  of  the  mioiu  ezplorera ;  and  it  is  during  this 
period  that  in  the  territory  lonth  of  the  Barke  Creek  and  north  of  the 
Stony  Desert,  as  we  have  ahwady  explained,  great  ravages  are  caused  by 
inundation.  Further  to  the  south  the  meteorological  phenomena  of  the 
northern  portion  of  the  continent  pass  gradually  over  to  those  prevailing 
in  the  south,  namely  that  of  two  alternating  currents  of  air,  with  winter 
rains  and  a  short  ndny  season  in  September  and  October. 

Great  as  have  been  the  recent  achievements  with  regard  to  the  geogra- 
phical knowledge  of  the  continent,  comparatively  little  has  been  done  by 
any  one  of  the  exploring  expeditions  towards  the  advancement  of  science. 
Information  calculated  to  throw  light  on  the  elevation  of  the  interior  or  on 
its  geological  character  flows  very  scantily  from  the  journals  kept  by  the 
explorers ;  and  even  the  astronomical  determinations  of  localities  must,  at 
least  as  far  as  longitude  b  concemed«  be  received  with  caution,  as  the  means 
at  their  disposal,  the  comparatively  small  practice  of  most  of  the  observers 
in  determinations  of  this  kind,  and  the  ver  ?  methods  employed,  would  hardly 
admit  of  anything  like  a  close  approximation  to  the  truth .  Indeed  we  may 
safely  assert  that  it  would  have  been  scarcely  compatible  with  the  general 
pioneering  object  of  parties  in  the  field  since  1860  to  have  devoted  more 
attention  to  matters  of  science,  strictly  speaking,  than  was  sufficient  to 
carry  them  through  the  difficulties  they  had  to  encounter.  Perhaps  it  may 
not  be  considered  out  of  place  if  I  express  here  my  deep  regret,  on  this  very 
ground,  for  the  untimely  death  of  my  young  friend,  W.  J.  Wills,  the  as- 
tronomer of  Burke's  expedition ;  for,  had  he  but  survived  his  first  feat, 
there  can  be  but  little  doubt  that  his  zeal  for  the  advancement  of  sciencCt 
and  the  knowledge  he  bad  obtained  daring  the  time  he  was  on  the  staff  of 
the  Observatory  over  which  1  then  presided,  would  have  enabled  him  to 
take  the  first  place  as  a  scientific  explorer,  whereas  we  can  now  only  admire 
him  for  his  courageous  and  enterprising  spirit  as  a  pioneer.  Tiiis  hope, 
however,  is  at  an  end  ;  and  up  to  the  present  time  absohitely  nothing  has 
been  done  towards  the  scientific  examination  of  the  vast  interior  of  Austra* 
lia-^an  examination  of  such  immense  importance  for  the  advancement  of 
almost  every  branch  of  physical  science,  and  for  the  development  of  the 
natural  resources  of  this  great  country.  It  is  with  regard  to  this  matter  that 
I  venture  to  address  this  Society,  with  the  view  of  soliciting  its  im* 
portant  assistance  in  starting  an  expedition,  having  for  its  object  the  ex- 
ploring of  the  western  half  of  Australia,  and  the  scientific  survey  of  the 
route  across  the  entire  continent. 

When  the  celebrated  Australian  explorer.  Dr.  Leiohhnrdt,  stnrtecl  on  the 
expedition  which  was  to  be  his  last,  he  did  so  with  the  intention  of  crossing 
the  continent  from  cast  to  west,  for  the  purpose  of  discorering  the  extent 
of  Sturt's  desert,  and  the  character  of  the  western  and  north-western  coaa  , 
and  of  observing  the  grntlual  cliangc  in  vegetable  and  animal  life  from 
one  side  of  the  continent  to  the  other ^.    It  is  now  exactly  twenty  years 

*  History  of  DiseoTerj  and  JjUplomtion  of  Australia,  the  Bev.  J,  £.  T.  Wbodf, 
vol.  ii.  p.  518. 
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rioce  ibis  grand  idea  vaa  conmived  and  attempted  to  be  carried  out.  The 
la^t  news  of  Dr.  Leidiliardt  is  dated  April  tbe  3rd,  1848.  Snbsequent  to 
this  date  nothing  bus  been  heard  of  him ;  and  deep  mystery  still  snnronnda 
his  fate,  notiiithstanding  the  many  efforte  which  have  since  been  made, 
originally  to  rescue  the  explorer  and  his  party,  and  subsequently,  when  all 
hope  of  again  seeing  any  of  them  alive  was  abandoned,  to  ascertain  the 
manner  in  which  they  perished,  and  the  locality  where  it  occurred.  No 
doubt,  to  many  it  may  have  appeared  premature  on  the  part  of  Dr.  Leich- 
hardt  to  hare  entered  upon  such  an  undertaking  at  a  time  when  so  littk 
was  known  of  the  nature  of  the  interior  as  to  make  it  utterly  imposrible  to 
lay  down  a  route  across  the  continent  on  any  other  ground  than  tliat  of 
mere  conjecture.    Circumstances,  however,  have  since  that  time  changed 
considerably ;  at  least  one  half  of  the  continent  has  sinoe  been  explored  in 
such  a  way  as  to  make  us  ac  quainted  with  the  natural  resources  an  explorer 
may  expect  to  meet  with  and  turn  to  account,  whilst  even  from  thewestem 
coast  numerous  expeditions  have  tended  to  diminish  the  risk  with  which 
such  an  undertaking  would  he  invested.    And  in  directing  the  attention  of 
this  Society  to  Dr.  Leichhardt's  idea,  with  the  view  of  seeing  it  oarriedoQt, 
I  do  so  with  the  conviction  that  now  tbe  proper  time  has  arrived  for  fa>lttiig 
in  hand  an  enterprise  of  such  importance  for  the  future  of  the  Austiallan 
colonies,  and  especially  for  the  advancement  of  sd^iee,  and  thereby  maai* 
festing  alike  our  appreciation  of  the  various  intereste  at  stake,  and  of  the 
nohlc  mind  who  risked  all  he  had  in  their  furtherance.   In  the  execution 
of  suoh  a  work,  ito  scope  may  now  be  materially  extended.   Instead  of  a 
rough  surrcT  on  a  single  Hne  from  north-east  to  south-west,  with  an  appa* 
ratus  which  allowed  of  but  a  limited  attention  being  paid  to  strictly  scien* 
tific  matters,  it  is  now  proposed  to  form  a  base-line  for  the  various  branches 
of  science  through  tbe  interior  of  a  vast  continent.   That  such  a  work  can 
now  no  longer  be  regarded  as  impracticable  or  premature,  and  that  ite  SQC- 
cessfal  completion  cannot  be  otherwise  than  replete  with  the  greatest  inte- 
rest, I  hope  to  be  able  to  show  in  the  course  of  this  paper. 

After  these  introductory  remarks,  I  shall  proceed  to  detail  the  plan 
which  I  propose  to  follow  in  carrying  out  the  exploration  of  the  western 
half  of  the  continent,  and  the  scientific  survey  of  the  line  of  route  to  be 
followed  in  traversing  the  interior  from  the  east  shores  of  Queensland  to 
Western  Australia. 

It  is  proposed  that  the  expedition  be  organized  in  Queensland,  probably 
on  the  Burdekin,  ivcnr  Port  Dciiisoii,  in  20^  south  latitude.  From  a  point 
in  20°  South  and  about  148°  East  it  will  strike  out  for  a  point  in  24  J** 
South  on  Stuarf  8  track.  So  far  the  interior  has  to  some  extent  been 
explored  already,  and  it  can  be  predicted  with  some  degree  of  certaintv, 
with  what  difficulties  and  with  what  facilities  the  expedition  will  probably 
meet*.  From  this  point,  which  I  designate  on  the  accompanying  map 
by  the  letter  B,  the  origioal  starting-point  being  A,  to  the  8onth*westem 

•  The  greater  part  of  llio  country  between  the  eMt  ooart  and  Burke's  tnek  wUl  pro- 
bably b«Te  been  tnkon  up  for  squatting  purpoMS  in  a  very  few^years. 
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extremitj  of  the  eontudent,  notbing  is  known ;  and  in  cboosing  a  prac- 
tieable  route,  we  must  be  guided  entirely  by  surmises  as  to  the  nature 
of  the  country,  based  upon  the  supposition  that  we  shall  most  probably 
have  to  deal  with  a  state  of  thmgs  in  the  west  very  ttmilar  to  that  already 
known  to  exist  in  the  east.  I  shall,  in  the  first  place,  however,  lay  down 
the  entire  course,  and  then  enter  upon  my  reasons  for  having  done  bo« 
From  point  B  I  propose  keeping  nearly  on  the  same  parallel  as  far  as 
point  C,  in  longitude  125)^  East ;  from  thenoe  proceeding  on  the  same 
meridian  to  a  pomt  in  27^  South,  and  thenoe  to  a  point  D  in  1 16|^  East 
and  31^**  South.  Near  the  lalter  point,  on  our  route  to  Perth  in  Western 
Australia,  we  shall  strike  the  Swan  Biver.  The  entire  distance  on  that 
route  is  aboat  2649  miles,  of  which  1080  comprise  the  distance  from 
A  to  B,  and  the  remainder  that  from  B  to  C  and  D,  an  allowanco  of 
20  per  cent,  being  made  for  curvature,  which  ))eroentage  must  always  be 
understood  when  reference  to  distance  occurs  in  tlie  course  of  this  paper. 

As  a  close  examination  of  the  country  traversed  is  the  primary  object  of 
the  expedition,  it  is  proposed  to  accomplish  it  in  thirteen  stages,  so  that 
fourteen  separate  depots  ivill  have  to  be  established  during  its  progress, 
each  depot  being  intended  to  be  retained  only  for  such  a  time  as  will  be 
requisite  for  the  survey  and  exploration  of  the  surrounding  country,  and 
for  the  formation  and  transport  to  the  next.  From  A  to  H  the  number  of 
depots  will  be  six,  so  that  the  average  distance  between  two  consecutive 
depots  will  be  216  miles,  while  from  U  to  C  and  C  to  D  there  will  be  eight 
depots,  with  an  average  distance  of  200  miles.  On  the  map  these  depots 
are  marked ;  but  it  is  evident  that  it  is  next  to  impossible  to  assign  them 
their  proper  positions  with  any  d^ree  of  accuracy,  as  these  will  depend  so 
much  upon  circumstances  at  present  almost  entirely  unknown  to  us.  It  is 
only  for  the  line  from  A  to  B  that  we  are  enabled  to  fix  with  any  certainty 
the  positions  of  such  depots,  as  we  are  already  acquainted  with  some  loca> 
lities  the  nature  of  which  will  probably  recommend  them  for  such  a  pur- 
pose. Thus  we  should  propose  fixing  depot  No.  2  on  the  Tneriflinii  of  1  13^ 
and  near  Walker's  track,  depot  No.  3  on  the  ^liddlcton  River  of  ^i'Kiulav, 
depot  No.  1  near  the  "fine  open  plains'*  of  Burke  and  mid  ilejiot 

No.  f)  on  Stuart's  track  soiuewlicie  between  the  Fineke  and  Hugh  rivers, 
in  each  of  whicli  cases  the  eoiuitry  is  described  as  well  grassed  and  provided 
with  permanent  water.  For  depot  No.  G,  and  depots  7  to  12,  we  have  no 
data  whereby  to  guide  m,  wntW  wc  njrain  approach  the  regions  already  ex- 
plored from  the  west.  As  it  is  proposed  from  tlie.se  various  depots  to  strike 
out  in  ditierent  directions,  they  will  have  also  to  he  selected  with  a  view  to 
enable  tliese  minor  expeditions  to  yield  the  greatest  pn>sil)le  amount  of  in- 
formation with  respect  to  the  largest  possible  tracts  of  country. 

"With  reference  to  the  lime  required  for  accomplishing  tlie  whole  expe- 
dition in  a  manner  con.i;;cn?iira(e  with  the  scientitic  objects  of  the  under- 
taking, it  nmv  })e  ?ai<1,  thnt  it  is  proposed  to  devote  three  years  and  six 
months  to  it,  of  which  tit  teen  mouths  are  taken  up  by  the  examination  of 
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the  oomitiy  between  A  ancl  B«  and  twenty-wren  months  for  the  exploration 
and  scientiiic  earrey  of  that  part  of  the  roate  within  the  entirely  unknown 
region  between  points  B  and  D.  Now  let  ns  examine  what  proepeete  of 
anoceia  this  would  allow  for  the  performance  of  the  task  proposed.  Tlie 
distance  from  the  Burdekb  to  Stuart's  track  may  easily  be  tra velied  through* 
at  the  moderate  rate  often  miles  a  day,  in  108  days,  or  three  months  and 
a  half,  allowing  a  time  of  stay  in  each  ot^  the  several  depots  of  nearly  two 
months  (1*9).  For  the  route  through  the  western  oountr}%  the  time  has 
been  increased  at  a  rate  proportionate  to  the  increased  risk  incnrrcd  and 
the  care  to  be  bestowed  upon  the  explorations  within  its  regions.  The  lime 
requisite  to  travel  orer  the  line  from  B  to  D  would  be  about  five  months 
and  a  half,  which  would  allow  of  a  period  of  stay  in  each  of  the  depots  of 
2*4  months  i  counting,  however,  depot  No.  6  twice,  as  it  is  proposed,  for 
reasons  presently  to  be  explained,  to  prolong  the  stay  at  that  point  beyond 
the  time  generally  allowed  to  the  other  depots.  From  this  exposition,  it  is 
evident  that  ample  opportunities  are  offered  for  an  exact  study  of  the  ground 
travelled  over  with  reference  to  the  various  branches  of  science  to  be  in* 
dnded  in  the  scope  of  the  entire  work.  This  will  become  still  more  appa* 
rent  on  the  further  unfolding  of  the  details  of  the  orgnnization  of  the  expe- 
dition. Dr.  Leichhardt  intended  to  travel  over  nearly  the  same  distance 
in  about  two  years  nnd  n  half,  and  that  too  without  having  also,  as  regards 
the  eastern  portion  of  the  Continent,  aoy  information  whatever  to  guide  him 
in  his  route ;  and  it  was  probably  to  some  extent  owing  to  the  insufficiency 
of  time  allowed  by  him  for  the  carrying  through  of  such  an  extensive  un» 
dertaking,  and  the  conseq\u>nt  deficiency  of  pronsions  and  outfit,  that  he 
failed  in  its  accomplishment.  The  extent,  moreover,  of  the  scienti6c  labours 
proposed  to  be  undertaken  on  this  occasion  is  something  widely  different 
from  what  explorers  twenty  years  ago  could  attempt,  and  is  such  as  would 
of  itself  alone  justify  an  increase  of  time  by  twelve  months. 

I  shall  now  have  to  enumerate  a  few  of  the  reasons  prompting  me  in 
proposing  the  route  I  have  laid  down  in  the  preceding  pages.  From  what 
I  havcnlrendy  said  respecting  the  character  of  the  tropical  and  subtropical 
interior  of  Australia,  it  appears  that  the  line  of  route  from  the  Burdekin 
to  the  Fincke  of  Stuart  passes,  as  far  as  knuw  i,  throu::h  practicable  coun- 
try, well  watered  and  grassed,  aboundini;  in  i^ainc  of  all  kinds,  and  likewise 
well  peo))lcd  with  ahorigiuali.  M'c  arc  on  this  route  likclv  to  meet  with 
the  most  practirnh]f>  country  in  the  interior  wc  jimpose  to  cxploro  and 
examine,  and  shall  probably  shun  entirely  theso-calk-d  dc^rrt  country,  sub- 
ject to  destructive  inundation-;.  There  h  much  likelihood  tliat  the  unknown 
regions  in  the  west  bear  in  many  respects  a  i^reat  resemblance  to  the  eastern 
half ;  and  I  therefore  feci  inclined  to  believe  that  on  the  same  parallel  of 
latitude  C2?y^  S.)  we  shall  meet  with  uo  greater  obstacles  to  progress  than 
we  are  likely  to  er.et)uwter  in  the  east.  The  explorations  of  Mr,  Greprory 
in  the  s.une  latitude  and  in  longitude  1 1  7^  seem  to  corroborate  this  ojii!iion, 
as  the  country  appeared  to  him  from  that  point  towards  the  east  to  bear 
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Ibr  many  mfles  a  piominag  appearance.  Obserrations  made  in  other  parts 

of  the  north-west  Uitorale  of  Australia  confirm  this  view,  and  some  of  the 
liyers  have  been  supposed  to  take  their  origin  in  high  granite  and  trap 
ranges  three  hundred  miles  from  the  coast.    They  would  in  this  case  be 
oulj  four  hmul  red  miles  from  our  point  C,  towards  which  the  high  western 
tableland,  of  which  these  ranges  are  probably  the  watershed,  inclines  until 
agnin  resdiing  the  lowest  part  near  Stuart's  hot  springs  and  the  lake  district 
forming  the  receptacle  of  the  drainage  from  the  Barcoo  River.   The  course 
proposed  passes  very  nearly  through  the  centre  of  the  unknown  interior,  and 
offers  therefore,  as  an  anspeetion  of  the  map  will  show,  au  opportunity  for 
exploring  these  unknown  regions,  and  most  likely  also  for  tracing  the  limits 
of  Mr.  Gregory's  sandy  deserts  in  the  north-west.    With  reference  to  the 
south-west  extremity,  I  accept  for  the  greater  part  the  suppositions  thrown 
out  by  the  Rev.  J.  £.  T.  Woods  respectuig  its  nature,  first  ablj  set  forth  in 
a  letter  addressed  to  the  '  Melbourne  Argus  '  some  years  ago,  and  again  re** 
peatedin  his  excellent  work  on  Australian  exploration  (vol.  ii.  p.  511),  ftom 
which  we  quote  the  following  passage.  Mr.  Woods  says, — *'  If  the  western 
end  of  the  tableland  be  on  an  average  two  thousand  feet  high,  there  must  be  a 
drainage  to  the  interior  nearly  equal  to  that  which  causes  so  many  nTeia  on 
the  west  coast.   The  watershed  has  never  yet  been  crossed  from  the  west 
mde ;  hut  one  cannot  help  remarking  that  wherever  it  has  been  crossed 
elsewhere  good  land  has  been  found.  It  is  no  evidence  against  the  existence 
of  a  river  that  none  are  found  on  the  south  coast,  especially  in  the  Austra* 
lian  fiight,  where  it  would  be  most  likely  to  appear.    Many  places  in  the 
interior  have  an  extensive  drainage,  which  never  reaches  the  sea.  The 
Barcoo  drains  into  Lake  Eyre,  which  is  the  receptacle  of  many  other  streams. 
A  stream  from  the  west  coast  might  empty  itself  into  Lake  Gairdner*.  There 
must  at  any  rate  be  some  important  drainage  in  connf?\ion  witli  that  large 
sheet  of  water."    It  is  scarcely  needf  ul  to  add  any  ih  lag  to  the  reasons  here 
set  forth  for  the  necessity  of  the  existence  of  a  large  drriinn^e  urea  in  the 
south-western  extremity  of"  the  continent;  but  it  may  pcrli:i])s  l>e  not  out 
of  place  to  recall  to  mind  here  that  the  Barcoo  River  (Coujier's  (  reek) 
drains  a  territory  of  nearly  nine  di  -recs  of  longitude  and  seven  deqiccs  of 
latitude  before  empty mg  itself  mto  Lakes  Eyre  and  Gregory,  forming,  after 
its  bifurcation  near  the  locality  where  the  final  scenes  of  the  Burke  and 
Wills  tragedy  were  enacted,  an  immense  river  delta,  far  exceeding  any  of 
the  well-known  deltas  in  the  worldt.    If  we  now  place  a  drainage  system, 
in  dimensions  similar  to  that  just  spoken  of,  to  the  west  of  Lakes  Lyre 
and  Gairdner,  it  would  in  all  probability  be  intersected  by  the  course 
proposed  through  the  western  interior.    Au  expcditi  n,  after  having  once 
struck  such  a  river-system,  would  of  course  have  to  follow  up  the  discovery  ; 
and  would,  in  its  fuitlier  course  towards  south-west,  have  mainly  to  be 

»  T  rather  feci  inclined  to  believe  that  the  receptarle  spoken  of  i»  formed  by  somo 
lakes  to  tUo  tioi  tU  uf  tlio  Australian  Uight,  yet  undiseovered. 

f  According  to  the  recent  exploration  of  Major  Worlmrtott. 
VOL.  XVI.  2  L 
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guided  by  the  watercourses,  without  however  lodng  «ght  of  its  primary 
object.  It  is  not  unlikely  that,  by  the  time  the  proposed  expedition  would 
reach  the  country  north  of  the  Australian  Bight,  expeditions  from  Western 
Australia,  and  eren  from  the  recently  opened  harbour  on  the  south  coast 
(Euda),  will  have  thrown  newhght  upon  this  subject,  thereby  ooiistderably 
ficilitAting  this  portion  of  the  undertaking. 

It  has  already  been  mentioned  that  at  point  B  on  Stuart's  track  it  is  pro- 
posed to  make  a  longer  stay  than  in  any  of  the  other  depots.  The  prin- 
cifinl  reason  for  so  doing  is  to  afford  the  expedition  at  that  stage  an  oppor- 
tunity of  comnmnlcating  with  the  settled  portion  of  South  Australia,  pre- 
vious to  e!itcring  on  the  unknown  territory  to  tlie  south-we?t.  A  sniali 
party  may  be  detached  from  the  main  body  for  the  purpose  of  travelling  to 
the  nearest  point  of  settlement,  on  which  occasion  collections  and  documents 
way  be  sent  to  Adelaide  or  Melbourne,  as  well  as  any  information  received 
which  may  he  of  importance  for  the  proj^rcpsof  the  cx])editiou,  and  rliiffly 
such  respecting  the  progress  of  exp]  nation  in  Anf?traiia,  having  au  imme- 
diate l)earing  on  the  problem  at  issue.  Such  an  expedition  may  also  pre- 
sent an  opportunity  of  exchanging  or  Tnaking  up  onr  complement  of  men 
and  horses,  replenishing  stores,  &c.  That  this  does  not  j  resent  any  serious 
difficulty  in  execution  we  know  from  Stuart's  expeditions,  who  on  au  ave- 
rage travelled  the  distance  from  the  Fincke  to  Mount  Margaret  *  (Mr. 
Jarvis's  station)  in  twenty-four  days.  It  is  therefore  fair  to  suppose  tliat 
within  ten  weeks  this  party  could  proceed  to  the  first  settlements  and  re- 
turn, after  having  accomplished  its  objects. 

In  the  preceding  part  of  this  paper  I  have  laid  down  the  track  I  propose 
following,  and  have,  I  believe,  succeeded  in  explainlug  the  reasons  which 
guided  me  iu  doing  so.  I  have  avoided,  however,  all  matters  of  detail  as 
to  tlie  branch  expeditious,  which  arc  intended  to  be  undertaken  on  both 
sides  of  the  main  route,  as  such  expeditions  must  to  a  great  extent  depend 
on  the  nature  of  the  country  to  be  explored,  on  which  point  our  knowledge 
is  still  very  scanty.  I  shall  now  in  a  few  words  give  an  outline  of  the 
scientific  objects  of  the  expedition,  and  then  proceed  with  some  details  re- 
specting its  organization  and  probable  expense. 

An  expedition  passing  through  the  centre  of  such  •  Tust  oontinent,  tra- 
▼elling  through  32  degrees  of  longitude  and  12  degrees  of  latitude^  cannot 
be  otherwise  conddered  than  as  produetive  of  the  most  materia!  advantages 
to  the  cause  of  science  generally,  provided  the  pkn  of  its  working  be  such 
as  accords  with  the  present  state  of  sciientific  inquiry,  and  the  conduct  of 
the  whole  be  entrusted  to  competent  hands.  It  is  frequently  supposed  that, 
in  expeditions  of  this  nature,  it  is  expedient  to  confine  the  scientific  re- 
searches and  obserrations  within  the  nnrrowest  limits*  Indeed,  a  rigoroiis 
scientific  inquiry  is  frequently  thought  incompatible  with  geographical  dis* 
covery.  This  is  a  grievous  mistake,  and  has  invariably  proved  to  be  such 
whenever  an  expedition  has  taken  the  field,  in  the  organisation  of  which 
*  Probably  the  statiooa  are  now  still  farther  advanoed  towards  the  north. 
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proper  attention  had  been  paid  to  the  objects  it  bad  to  lem.  There  ia  no 
doubt  that  the  inanj  unemployed  hours,  eren  of  those  of  the  party  gene- 
rally and  more  exclusively  engaged  upon  exploration  matters,  may,  for  the 
benefit  of  the  well>betng  of  the  whole  ezpeditioDt  well  be  turned  to  account 
in  assisting  scientific  inquiry.  On  such  principles  the  scientific  plan  of 
operations  of  the  proposed  expedition,  as  detailed  hereafter,  has  been 
framed«   It  includes  the  following  brandies 

1.  Attronomiettl  Science  and  Surveyinff^^ln  addition  to  such  operations 
as  are  absolutely  necessary  for  the  mapping  of  the  country,  it  is  proposed 
to  organize  a  system  of  observations  of  the  moon,  with  a  Tiew  to  assist  lon- 
gitudinal determination.  Such  more  accurate  determinations  of  the  geo* 
gmphical  position  may  be  carried  out  at  the  Tarious  depots  above 
spoken  of. 

2.  Terrestrial  Fkjfeiec  and  Meteorology. — Systematic  registration  of 
meteorological  phenomena  and  terrestrial  magnetism  is  likewise  to  be  car* 
lied  out  at  the  depots,  particularly  with  a  view  to  assist  barometrical  mea- 
surements of  elevations  and  magnetic  observations  in  the  field. 

If  it  should  prove  at  all  practicable,  it  would  likewise  be  advisable  to 
include  in  the  general  plan  of  working  observations  on  the  length  of  the 
peuJubnn  vibrating  seconds. 

3.  Gcoloijy,  Vahrontology^  and  Minevftloyij. — A  geological  sketch-map 
of  then  liole  rrnitc  across  the  continent  is  to  be  made,  and  paUeontological 
specimens  arc  to  be  collected.  Special  attention  has  to  be  paid  to  tb^ 
mineral  resourcef?  of  the  country  travelled  o^  e^, 

4.  Botany. — Ob;5ervations  on  the  physiology  and  geographical  distri* 
bution  of  plants  are  to  be  included,  and  collections  made. 

5.  Zool()(/y  and  Compariitiv>e  Anatomy ^  inchidiny  Ethnology . —  i  his 
branch  is  likewise  to  be  attended  to  with  a  view  to  assist  physiological 
studies,  and  to  examine  into  the  applicability  of  Darwin's  Theory  on  the 
Fauna  of  Australia,  ancient  and  modern.    Collectiojis  arc  to  be  made. 

Character  and  language  of  the  aboriginals  iu  the  various  parts  of  the 
contineut.  arc  to  be  studied. 

6.  Sketching  and  Photography. — These  arts  will  be  employed  more  par- 
ticularly for  the  purpose  of  representing  the  character  of  the  various  tracts 
of  country  passed  through,  but  will  have  likewise  to  assist  the  various 
branches  of  seienee  in  the  complete  ezeeution  of  their  parts. 

I  refrain  from  entering  into  particulars  respecting  the  general  scheme  of 
scientific  work  to  be  adhered  to  in  the  course  of  the  expedition ;  the  more 
BO  as  it  is  intended  that  the  authorities  in  the  various  scientific  branches, 
both  in  England  and  in  the  colonies  of  Australia,  should  be  consulted  on 
this  matter,  and  their  cooperation  and  advice  solicited.  It  is  especially  by 
the  aid  of  the  scientific  men  and  institutions  in  Australia,  and  their  exten* 
sive  labours  in  the  various  branches  of  science,  that  I  am  led  to  hope  for  a 
great  success  in  the  scientific  part  of  the  work  of  the  expedition,  as  these 
labours  form  an  excellent  base  whereon  to  build  and  start  from.  Thus 
much,  however,  I  may  state,  that  it  is  to  be  made  a  rule  that  nothing  be 
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ineladed  iu  the  plan  of  immediate  investigatioa  wlule  in  tlie  field  whidi 
maj  well  be  deferred  without  prejudicing  tlie  general  ohjccta  of  the  expe* 
dition.  This  rule  is  to  hold  good  for  all  ecientific  branches,  and  will  also 
be  made  a  guiding  principle  with  reference  to  the  reduction  and  diacossion 
of  observations,  the  examining  of  natural*history  objects,  and  the  collectiiig 
of  qfiedmens. 

At  the  present  time,  when  mysteiy  still  surrounds  the  fate  of  Dr.  Leich- 
hardt,  I  should  consider  myself  open  to  just  reproach  were  I  to  lay  out  the 
plan  and  scope  of  an  expedition  through  the  interior  of  Australia  without 
calling  attention  to  this  subject,  and  including  it  among  the  duties  of  such 
an  expedition  to  aid  in  clearing  up  that  mystery.  As  remarked  at  the 
outset  of  this  paper,  twenty  years  have  now  elapsed  since  the  utter  disap- 
pearance of  that  great  explorer,  and  there  is  now  indeed  scarcely  any  like- 
lihood of  rescuing  any  of  bis  party  alire.  But  the  hope  of  eren  ascertain- 
ing the  fate  of  that  brave  body  of  men  should  never  be  abandoned  until 
the  object  be  attained,  though  there  can  be  no  doubt  that  the  chances  of 
oar  doing  so  grow  smaller  from  year  to  year,  every  fresh  inundation  or 
conflagration  of  large  tracts  of  forest  diminbhing  them  considerably.  The 
sdentiiic  sur^'ey  entailed  upon  such  an  expedition  as  that  proposed  ofTers 
great  facilities  also  for  the  promotion  of  a  search  after  traces  of  the  missiog 
explorers.  In  addition  to  which  I  consider  it  of  extreme  importance  for 
such  a  purpose  that  the  search  should  be  instituted  in  the  direction  in 
which  J;he  missing  expedition  intended  to  move,  the  more  so  as  all  efforts 
to  cut  Leichhardt's  probable  route  nt  right  angles  have  hitherto  proved 
ineffectual.  When  we  consider  that  the  eastern  portion  of  tlic  Australian 
continent  has  been  so  frequently  crossed  and  recrossed  during  the  last  six 
years  \^ithout  any  material  information  having  been  gained  as  to  Leich- 
hardt's fate,  we  feel  almost  disposed  to  believe  that  lie  shaped  his  course 
from  Upper  Victoria  and  the  Alice  River,  in  a  direction  some\Yhat  similar 
to  that  taken  by  Mr.  Gregory  on  his  expedition  in  search  of  him,  pnrticu- 
larly  ai?  snch  an  opinion  is  supported  by  such  an  authority  on  Australian 
exploration  as  Mr.  J.  E.  T.  Woods  in  his  rccrnt  ^rork.  According  to  his 
opinion  tlic  exjdorer  was  compelled  to  follow  the  IJarcoo,  and  may  Jiave 
perished  iu  the  country  to  the  west  of  Lake  Eyre  and  Stuart's  track.  But 
we  must  not  forget  that  such  a  course  to  the  south-west  would,  with  this 
indclV.tlgable  explorer,  have  been  cqMivnlent  to  giving  uj)  liis  original  })!an§ 
respecting  the  exploration — plans  wiucii,  as  far  as  we  arc  acquainted  with 
them  through  the  Rev.  Mr.  Clarke  of  Sydney,  and  others  intimately  con- 
nected with  him,  would  have  carried  him  to  the  west,  and  even  to  the  north 
of  west.  This  ojiinion  was  also  t  ntcrtained  by  Mr.  A.  Gregory,  who  thought 
•'that  Leichliardt  had  left  the  Darcoo  at  its  junction  with  the  Alice,  and, 
favoured  by  tiumderstorms,  penetrated  the  level  desert  country  to  the 
north-west,  where,  beino:  luiable  to  return,  they  may  have  perished  for 
want  of  water."  (Exjiedition  in  Search  of  Dr.  LeichharUt,  1857-58, 
page  8.)  Such  may  be  the  case,  but  it  n:ay  also  be  that  they  succeeded 
iu  forcing  their  way  through  the  country  relerrcd  to  by  Gregory,  and  there- 
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fore  the  country  between  Stuarfs  and  Burke's  track  must  be  w  ell  examined 
with  a  view  to  find  traces  of  the  party.  Although  it  may  at  first  sight 
appesr  ^Uffioult  to  coneeire  that  Stuart  could  have  passed  six  times  through 
the  country  which  Leichhardt  moat  probably  crossed  on  his  way  to  the 
west  without  observing  any  trail  or  mark  of  the  latter^a  course>  neveithe' 
less  there  is  no  improbabilify  in  rach  being  the  case ;  and  onremiituig  leal 
ahould  he  displayed  throughout  the  whole  expedition  in  endeavouring  to 
lift  the  veil  from  off  this  sad  tragedy.  Should  the  expedition  fail  in  finding 
the  remains  of  the  party  in  the  east,  they  will  have  to  search  for  them  in 
the  west  and  south-west  extremity  of  the  continent. 

An  expedition  through  the  vast  interior  of  Australiai  with  such  an  ex«p 
tended  scheme  of  operations  and  so  many  important  matters  to  attend  to^ 
should  be  oiganised  on  such  a  base  as  to  give  full  guarantees  for  being  able 
to  aooomplish  its  main  objects,  as  well  as  to  protect  itself  against  attacks 
of  the  aboriginals  and  the  destructive  effects  of  unforeseen  misfortunes.  It 
is  therefore  proposed  that  the  expedition  should  number  twenty-five  men. 
The  following  is  the  plan  showing  how  the  exploring  expedition  proper  is 
to  be  composed : — 

Leader,  assistant  leader,  storekeeper  and  overseer,  saddler  and  tent- 
maker,  blacksmith  and  wheelwright,  twelve  stockmen,  and  three  abo- 
riginals* To  these  arc  to  be  added  the  following  scientific  men  of  the 
party:—].  Geologist  and  mineralogist;  2.  Botanist  and  chief  medical 
officer;  3.  Zoologist,  palaeontologist,  and  medical  assistant;  4.  Artist, 
photographer,  and  custos  of  collections ;  5.  Assistant  for  physical  science 
and  observer. 

With  reference  to  the  organization  of  the  party,  so  as  to  ensure  a  satis- 
factory cooperation  of  ail  concerned,  it  is  proposed  to  adhere  to  the  follow— 
ittg  principles : — 

1 .  The  scienti6c  members  of  the  expedition,  with  the  exception  of  the 
leader  and  the  assistant  leader,  do  not  form  part  of  the  exploring  party 
proper,  but  are  under  the  leader's  supervision,  and  may  be  employed  ns 
may  appear  to  him  desirable  for  the  advancement  of  the  objects  of  the 
expedition. 

2.  The  exploring  party  proper  consists  of  the  leader  as  first  offieer,  the 
assistant  leader  second  officer,  nnd  the  overseer  third  officer,  two  artisans, 
twelve  stockmen,  and  three  iiborigui.-iU. 

3.  The  exploring  party  proper  is  to  bo  divided  into  three  bodies  of 
men : — 

a.  Depot  party. — Storekeeper  and  overseer,  saddler  nnd  tent-maker, 

three  men,  nnd  an  aboriginal.  To  this  party  the  assistant  observer 
is  to  be  attached. 

b.  Field  Party  I, — Leader,  blacksmith,  four  men,  and  an  aburijjinfl]. 

To  tins  j)arty  any  of  the  scientific  men  may  be  attnched  as  best 
answering  the  purjiosc,  cnre  being,  however,  taken  that  one  of 
the  medical  men  be  included  among  them. 
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c.  Field  Party  II. — Assi^stant  leader,  five  men,  aud  aa  aboriglual. 
To  this  party  &c.  as  above. 

4.  The  depot  party  remaius  in  the  depots  which  will  anccessireljr  be 
formed  in  the  ooune  of  the  expedition.  It  will  chiefly  be  employed  in 
Iceeping  everything  in  repair  and  good  order,  in  preparing  proriaions,  and 
propagating  useful  pltntfl.  The  Mi  and  conTaleacent  are  likewiae  to  be 
receiTed  Into  it.  Systematte  registration  of  meteorological  and  magnetioal 
phenomena  Is  to  be  carried  on  by  it  under  the  immediate  superintendenoe 
of  the  assistant  observer. 

5.  The  field  parties  will  be  employed  m  sach  a  manner  that  one  will  be 
examining  the  neighbourhood  of  the  depot,  say  thirty  miles  round,  while 
the  other  will  undertake  the  larger  ezcuraions  on  both  sides  of  the  main 
route.  In  ease  of  a  removal  of  the  depot  In  the  direction  of  the  main  route, 
all  parties  will  have  to  cooperate.  It  is  proposed,  moreover,  to  emplo/ 
the  field  telegraph,  as  wdl  for  the  promotion  of  the  scientific  objects  aa  for 
the  more  satisfactoiy  cooperation  of  the  whole  party  engaged.  The  per- 
ibction  to  which  ballooning  has  been  brought  by  the  seal  and  eneigy  of 
Mr.  Glaiaher  makes  it  not  unlikely  that  it  may  be  employed  with  advantage 
in  this  expedition  for  the  ftcilitation  of  the  exploring  and  mapping  of  tracts' 
of  countiy  otherwise  barely  accessible. 

For  means  of  transport  it  is  proposed  to  employ  fifty  horses  and  eight  or 
ten  camels,  which  latter  animals  have  now  been  acclimatized  in  the  colo- 
nies, and  show  a  special  fitness  and  adaptation  for  Australian  explotang 
work. 

We  niny  now  add  a  few  words  as  to  the  probable  amount  of  expenditure 
an  expedition  of  Uiis  kind  would  involve,  reftrring,  however,  for  particulars 
to  the  appendix. 

The  following  is  an  abstract  of  the  probable  expense 

1.  Expenses  previous  to  the  organization  of  the  expedition  £S80   0  0 

2.  Outfit  of  the  expedition,  exclusive  of  provisions   2,980  0  0 

3 .  Salaries,  wages,  and  contingencies  for  three  years  and  six 

months   17,675   0  0 

Total  expenditure  j62  1,535   0  0 

This  estimate  has  been  framed  without  r^^u^  to  any  expenses  In  connddon 
with  the  publication  of  the  results  of  the  expedition.  The  sum  may,  at 
first  sight,  a]ipear  somewhat  large;  but  when  we  come  to  take  into  consi- 
deration the  objects  which  the  expedition  professes  to  advance — when  we 
remember  that,  for  the  first  time  in  the  liistory  of  Australian  exploration, 
the  various  governments  are  to  unite  in  support  of  a  uniform  and  well- 
planned  scheme  of  exploration — when  we  consider  that  this  sum  is  to  be 
distributed  over  a  period  of  three  years  and  a  half— we  cannot  fail  to  per- 
ceive the  moderate  amount  of  the  sum  proposed  to  be  expended. 

It  is  proposed  that  the  expenditure  for  this  great  scheme  of  exploratiou 
of  the  vast  interior  of  Australia,  and  the  scientific  researches  contingent 
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upoa  it,  ihall  be  borne  by  the  motber  countr/  in  coojunction  with  the 
TAiioufl  Australian  colonies.  So  boou«  therefore,  as  an  arrangement  to  that 
effSect  may  hare  been  arrired  at,  trustees  should  be  appointed,  residing  in 
the  oolonies,  who  would  aet  as  a  Committee  of  administration,  such  Com- 
mittee to  consist  of  not  more  than  fire  membera.  All  fhnds  would  bo 
placed  at  thdr  disposal,  and  all  money  transactions  in  connexioii  with  the 
expedition  would  be  made  under  thdr  superrision  and  sabjeet  to  their 
approval. 

The  objects  of  the  expedition  having  been  attained,  and  the  time  arrived 
when  the  same  is  to  be  broken  up,  the  residue  of  the  stock  and  stores^ 
horaeSf  camels,  equipment,  instruments,  provisions,  &c. — would  be  handed 
over  to  the  Committee  of  Trustees,  to  be  disposed  of  as  they  might  think  fit* 

All  observations,  journals,  maps,  natural-history  collections,  drawings* 
and  photographs,  without  exception,  would  likewise  be  handed  over  to  the 
Committee  of  Trustees  on  the  completion  of  the  expedition,  in  order  that 
the  same  may  be  turned  to  account  in  furtherance  of  the  interests  of  science, 
and  of  the  various  countries  that  have  taken  a  part  in  this  great  undertak- 
ing. Members  of  the  expedition  would  not  be  permitted  to  make  private 
collections,  and  none  of  the  results  would  be  made  pnbli^  nnless  bj  special 
authority  of  the  Committee  of  Trustees. 

Such  are  the  objects  and  leading  print  ipK'3  of  an  expedition  which  I  hope 
to  be  able  in  person  to  carry  out ;  and  1  trust  it  will  not  be  deemed  pre- 
sumptuous on  my  part  if  I  add  a  few  words  in  cnpport  of  my  claims  to  be 
entrusted  with  tbr  coiidupt  of  ^^o  noble  an  enterprise.  I  Imvc  been  con- 
nected with  Aiislialia,  wiiii  bncf  interruptions,  ever  since  the  \  car  1852,  and 
the  greater  part  of  that  long  interval  of  time  ha,"?  been  employed  by  me  in 
studying  the  physioal  character  of  tiiat  great  coutinent.  In  18^)8  I  suc- 
ceeded in  estal  li-hiiii;  an  Ubscrvatory  at  Melbourne  for  the  advancement 
of  our  knowledge  of  terrestrial  physics,  and  my  labours  and  publications 
on  the  observations  made  up  to  the  time  of  my  resignation  and  retirement 
from  that  institution  in  I<s(j3,  will  in  a  very  short  time  come  to  a  conclu- 
sion. The  magnetical  and  other  observations  collected  during  my  travels 
through  Victoria,  part  of  New  South  Wales,  and  of  South  Australia,  com- 
prising an  area  of  nine  degrees  of  longitude  and  six  degrees  of  latitude,  are 
now  in  courhc  of  publication  on  behalf  of  the  colony  of  Victoria.  As  soon 
as  this  is  accomplished,  I  purpose  again  to  dc-vutu  my  energies  to  further 
inquiries  respecting  the  physical  geography  of  Australia,  but  on  this  occa- 
sion likewise  as  an  cxjUorcr.  In  this  determination  I  am  prompted  Ly  no 
other  motives  than  tlic  advancement  of  science,  and  my  attachment  towards 
a  rising  country— an  attaclnneut  not  unuaturui,  ufur  a  connexion  extend* 
ing  over  a  period  of  au  many  years. 

1l  lb  ou  tlu  se  crounds  tluil  I  >ulicit  the  powerful  support  of  this  Society 
in  this  gixai  liaiiuual  undoi  lukmg,  which,  I  am  persuaded,  will,  if  success- 
fully carried  out,  conduce  equally  to  the  advancement  of  the  interests  of 
science  and  to  the  material  welfare  of  Australia.   Men  may  differ  as  to  the 
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node  of  proceeding  in  its  execution  ;  but  none.  I  presume,  will  venture  to 
deny  its  importance,  e5^ecially  with  regard  to  the  development  of  the 
nattiral  resources  of  that  immenae  area,  in  the  interests  of  dviliiaiion — 
none,  1  feel  sure,  will  oppose  it  as  being  premature  or  inopportune.  It 
would  be  presumptuous  on  my  part  were  I  to  urge  the  importance  of  the 
opening  up  of  the  western  interior  for  the  successful  settlement  of  Western 
and  North- Western  Australia,  which  at  some  future  time,  and  under  certain 
contingencies  that  miglit  arise,  would  have  a  most  important  bearing  on 
the  seetirity  of  the  British  possessions  in  India.  For  I  am  well  aware  that 
men,  vcgnrdcd  as  authorities  in  colonial  policy,  have  long  ago  brought  this 
subject  uuder  flu  ronsicleration  of  tlie  Government.  Nor  need  1  speak  of 
the  enlightened  spirit  in  which  the  various  Governments  in  Australia  have 
ever  shown  themselves  ready  toas^^i^st  the  cause  of  exploration  and  scientiflc: 
^esea^ch.  The  many  and  valuable  contributions  that  science,  in  nearly 
every  one  of  its  branches,  has  received  from  the  colonics  cannot  foil  to 
assure  us  of  their  assistance  and  cooperation  in  a  systematic  and  scientific 
exploration  of  (he  unknown  interior  round  wliich  they  arc  clustered.  I 
feel  confident  there  needs  but  au  impulse  from  Eugland,  and  the  sanction 
of  its  highest  scientific  authorities,  to  secure  for  the  undertaking  a  ready 
assent  and  strenuous  support  ou  the  part  of  the  people  and  the  Govera- 
meuts  of  Australia. 

APPENDIX. 

A. — Annual  Erjiendifure  of  the  Expedition, 
a.  Salaries  and  wages  for  the  members  of  the  expedition  proper. 


1,  Leader,  annually   £450  0  0 

Assistant  leader,  annually   350  0  0 

Storekeeper  and  overseer,  annually   200  0  0 

Saddler,  tent-maker,  &c.,  monthly    12    144  0  0 

iiiacksmith^  wheelwright,  monthly  X 12   144  0  0 


£i2S8   0  0 

2.  Twelve  stockmen  at  Cs  a  month   ^1 152   0  0 

Three  aboriginals  at  £4  a  month   144  0  0 


.  X1296  0  0 

b.  Salaries  for  the  scientific  men. 

Geologist,  mineralogist,  annually    ^300  0  0 

Botanist  and  medical  officer   •  300  0  0 

Zoologist,  palaeontologist,  medical  assistant  ••...«  300  0  0 

Artist  and  photographer   300  0  0 

Assistant  observer  for  physical  science   200  0  0 


ClK^O    0  0 
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Total  SAt.ARiES  and  Waisbs. 

a.  1   .  .  i:i288    0  0 

a.  2    129G    0  0 

6   1400    0  0 

£39$4   0  0 

c.  Expenditure  for  provisions,  tobacco,  &c   X866    0  0 

Aud  iur  wear  and  tear  and  repairs   200    0  0 


XI 066    0  0 


1066   0  0 
Xo050   0  0 

Total  for  three  ycanand  a  half  £17G75   0  0 


B.'^&pendiiure  of  the  Expedition  for  Jtutntmenitp  OtiiJU,  exelunve 

FromtUnu, 

1.  Inatruments — Aatroiioii^Gal                                  £200  0  0 

Fhyneal  and  meteorological                    250  0  0 

Phynological  and  botanical                       80  0  0 

Sni]pcal  medictne^hest                           60  0  0 

Geological  40  0  0 

Photographica]   50  0  0 

Packing  and  transport  to  Aoatralia  . .  •  •      60  0  0 

£740  0  0 

2«  Tools  and  implements,  including  rifles,  reyolvert^aminani- 

tUm,  rockcta^  blue  lights^  horaeshoci,  &e                   ^00  0  0 

3.  TentSy  a  boat,  and  a  small  iron  Tehide                        j£300  0  0 

4.  Saddlery,  including  thirty  riding  saddles  and  pack  saddleSj 

water  baga»&c  X440  0  0 

5.  Live  5.(ock ;  fifty  horses  at  £20  each  XIOOO  0  0 

Some  sheep                                                           TOO  0  0 

XllOO  0  0 
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Total,  Outfit. 

1   ^740  0  0 

2    400  0  0 

3    300  0  0 

4    440  0  0 

5    1100   0  0 

£29f^O    0  0 

JStfitfiu/iVitiv  durinff  and  prior  to  the  OrganiMmtkmof  the 

ExpediHon, 

Expeusci  ill  Europe  ,  1*100    0  0 

Passage  rnouey  for  the  officers  to  Australia   350    0  0 

Probable  expenditure  prior  to  the  organization   400    0  0 

Total    X880    0  0 

Grand  Total.  Exi>£NDiTUiiK. 

A  ^17,675    0  0 

B   2,9S0    0  0 

C   880   0  0 

£21,635   0  0 

II,   "On  some    New   Derivatives  of   Acetone."     By  Maxwell 
SiMFSON,  M.D.,  F.R.S.    Received  April  18,  1868. 

The  compotuids  which  form  the  aubject  of  the  preaent  paper  eame  aoei- 
dentallj  under  my  notice  whilst  I  was  engaged  in  an  unsiicoessfal  attempt 
to  fom  leucic  acid  by  a  new  synthesis. 

By  saturating  a  mixture  of  acetone  and  absolute  alcohol  with  dry  hjdro- 
chloiie  acid  gae,  I  had  hoped  to  form  a  bodjr  baWog  the  oompoeitioii 

aad  that  this,  when  treated  ectooessiveljwith  cyanide  of  potaMtum  and  cantlic 
potash,  would  ha?e  yielded  the  desired  acid  according  to  the  following 
equations 

C.  H„0C1+ KCy  «C,  H,,  ©Oy +KC1, 

and 

C,H,.0Cy  +  ^}0+  2}^-^.H,.KO,  +  NH3. 

By  saturating  the  above  mixture  with  hydrochloric  acid,  I  obtained,  it  is 
true,  a  large  quantity  of  a  chlorinated  oil ;  but  I  could  not  ascertain  whether 
it  was  the  compound  I  expected  or  not,  as  I  found  it  impossible  to  render 
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it  sufficiently  pure  for  analysis.  I  therefore  subjected  it  directly  (having 
simply  wasiied  it  witii  a  dilute  solution  of  carbonate  of  soda)  to  the  action 
of  the  before-meationed  reagents  The  results  were  altogether  unex- 
pected. 

I  have  since  ascertained  that  the  chlorinated  oil  can  be  obtained  without 
the  intervention  of  alcohol.  I  will  now  give  a  detailed  account  of  mj  ex- 
periments. 

Dry  LyJrucliloric  acid  ^ii^  vvua  ]);issed  to  saLuiiilioii  mio  a  (quantity  of 
pure  acetone  contained  in  a  glass  vtcsscl  surrounded  witii  culd  water.  The 
product  was  set  aside  for  ten  or  twelve  days,  and  then  well  washed  with  a 
dilute  solution  of  carbonate  of  soda.  Equal  weights  of  the  oil  thus  foi  iutd 
and  of  pure  cyanide  of  potassium  were  then  introduced  into  a  glass  balloon 
together  with  a  large  quantity  of  alcohol.  The  balloon  was  attached  to  a 
reversed  Liebig's  condenser^  and  subjected  for  aboat  twelve  hours  to  the 
temperature  of  a  watw-bath.  At  the  expiration  of  this  tine  its  contents 
were,  when  quite  cold,  filtered^  and  the  precipitate  well  washed  with  eold 
alcohol,  and  then  with  cold  distilled  water  till  the  wash^water  ceased  to 
give  u  precipitate  with  nitrate  of  tilver.  A  white  powder  was  thus  obtamed 
which  was  insoluble  in  cold  water  and  in  cold  idcohol.  Boiling  alcohol, 
however,  dissolved  it  to  a  small  extent,  from  which  it  cxTstallised  on  cool- 
ing in  beautiful  shining  plates  like  naphthaline.  These  sublime  at  a  high 
temperature  (about  300^0.),  apparentiy  without  decomposition.  It  is  a 
neutral  body  and  contains  nitrogen.  It  does  not  evolve  ammonia  when 
heated  with  an  alcoholic  solution  of  caustic  potash.  It  is  decomposed  by 
nitrous  add,  with  the  production  of  a  compound  having  acid  properties. 
The  composition  of  this  body  I  hope  to  be  able  to  give  in  a  ihture  com- 
munication. 

I  will  now  turn  to  the  alcoholic  solution  filtered  from  the  neutral  body 
I  have  just  described.  This  I  introduced  into  a  balloon  together  with  some 
sticks  of  caustic  potash.  The  balloon  was  then  attached  to  a  reversed 
Iiebig*8  condenser,  and  exp<»ed  to  the  temperature  of  a  water-bath  till 
ammonia  had  ceased  to  be  evolved.  When  this  was  observed,  the  alcohol 
was  distilled  off  and  the  residue  dissolved  in  water.  The  solution  was 
then  neutralized  with  hydrochloric  acid>  filtered,  evaporated  considerably, 
and  then  treated  with  a  larg0  excess  of  the  same  add.  After  standing  for 
some  time  it  became  a  mass  of  crystals.  These  were  thrown  upon  a  filter 
and  washed  with  cold  distilled  water  till  the  filtrate  ceased  to  give  a  pred* 
pitate  with  nitrate  of  silver.  The  powder  obtained  in  this  way  was  readily 
purified  by  crystallizing  from  hoi  alcohol,  and  then  from  boiling  water. 
From  the  latter  solvent  it  separates  in  brilliant  colourless  prismatic  needles, 
sometimes  upwards  of  an  inch  in  length.  Dried  at  100°  C,  these  gave  the 
following  numbers  on  analysis,  which  accord  suffidentiy  well  with  the  for- 
mula C.  Hj,  NO, 

*  I  had  performed  these  experiments  before  the  appearance  of  Baejrer's  paper  "  Ueber 
die  Coadensationsprodaele  del  AcetoM,"  Anwdea  der  Cheinie,  vol.  cxl.  p.  297. 
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ThMry. 

Per  cent. 

J. 

If. 

HI. 

lY. 

c. 

....  96 

56*14 

56*28 

56-79 

•  ■ « •  13 

7-60 

7-97 

8-21 

N 

....  14 

8*19 

•  * 

8-32 

8-23 

o. 

i • • •  48 

28-07 

TtT 

100-00 

I  ImTe  also  prepared  niul  nnnljzed  the  sUvcr-^t  of  tlu3  acid.  The  lesolu 
1  obtained  confirmed  the  above  formula. 

Kxperiment. 
Theory,  ^  i  * 

Per  cent  I.  H. 

fwgNO,) } 38-84         38-98  38-70. 

The  salt  was  obtained  in  beautiful  mother-of-pearl  plates  by  boiling  i 
solution  of  the  acid  with  an  excess  of  freshly  prepared  oxide  of  silver.  I' 
is  very  soluble  in  water,  and  is  not  much  affected  by  light.  It  does  ad 
suffer  decomposition  when  dried  nt  101)^  C. 

The  new  compound  has  nn  acid  reaction,  and  di-'plnccs  carbonic  acid  fro!7i 
the  soluble  carbonates.  It  i-^  insoluble  in  cold,  j  ietty  soluble  in  hot  water 
and  in  cold  nlcohol,  and  cyi.uingly  soluble  in  ether.  It  melt?  at  ITl 
The  nitrogen  appears  to  be  retained  with  unusual  forci^  uitlun  the  molecule 
of  the  uew  acid.  It  refuses  to  give  it  up  in  the  fonu  of  ammonia  when  sub- 
jected to  the  act  ion  of  nn  alcoholic  solution  of  potash,  a  fact  we  have  alrcaJj 
learned  from  the  manner  of  its  formation.  Neither  can  it  be  made  to  yitl^i 
it  up  by  exposing  it  to  the  action  of  nitrous  gas.  I  have  tried  this  gas 
upon  a  solution  of  the  acid  both  in  water  and  nitric  acid.  It  dissohes 
in  large  quantity  in  strong  hydrochloric  acid,  and,  on  standing,  crystaliitps 
out  uualtcred,  uot  combining  chem.ically  with  that  body. 

The  salts  of  this  acid  are,  as  a  general  rule,  very  soluble  in  walrr. 
The  neutralized  acid  yields  no  precipitate  with  nitrate  of  silver,  corro^ive 
sublimate,  or  chloride  of  barium.  It  renders  a  solution  of  acet^ite  of  lend 
but  slightly  tuibiJ,  and  communicates  a  red  colour  to  perchloride  of  irou 
without  precipitating  it. 

77i(?  soda  salt  is  very  snlulilc  luul  Jucs  not  crystallize  wcil.  It  is  pre- 
pared by  neutralizing  the  acid  with  carbonate  of  soda.  One  molecule  of 
the  acid,  assuming  it  to  have  the  composition  C^H,  ,  NO^,  I  found  required 
exactly  one  molecule  of  pure  and  recently  ignited  carbonate  of  soda  for 
complete  nentralization.  This  experiment,  and  tbe  composition  of  tbe 
BilTer-ialtf  render  it  highly  probable  that  the  acid  is  monobasic.^ 

The  mereury-^alt  eiystalliies  in  lieautiful  pearly  plates.  It  is  prepnred 
by  boiling  ft  Boliition  of  tbe  add  mtb  freshly  prccipiUtcd  oxide  of  vereorf* 
It  Is  a  very  soluble  salt. 

*  The  lalt  which  served  for  this  anal>'»ift  vras  made  from  a  freshly  prepared  bat^o^ 

the  acid. 
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When  acetone  is  saturated  with  hydrochloric  acid,  several  condensed 
compoiuidii  are  formed,  which  remaiu  iu  union  with  the  acid.  The  ques- 
tion now  arises,  wliich  of  these  compounds  generate  the  acid  wc  iiave  just 
been  studying?  and  \Yhich  the  neutral  body?  In  the  hope  of  determining 
this  point,  I  prepared  the  two  most  iuiportanL  of  these  compounda  in  a 
state  of  purity,  namely  oxide  of  mesityle  and  phoron,  and  saturated  them 
with  hydrocliluric  acid  gas.  After  the  lapse  of  twelve  liours  the  two  satu- 
rated bodies  were  well  washed  with  water,  and  treated  separately  with 
cyanide  of  potassium  and  caustic  potash  in  the  manner  I  have  just  de- 
scribed. The  results  were  decisive.  The  mesityle  compound  yielded  the 
add,  and  the  phoron  compound  the  neutral  body.  The  following  equa- 
tions will  explain  the  formation  of  the  acid : — 

C„H,,0-f2HCl=C,H,0Cl,. 
C,      OCi,+  2  KCy =C.  H„  GCy, + 2  KCI, 


and 


C.H,.OCy.+|}o+  2}  0=C.H„KNO.+NH, 


Fotaih-salt  of 
new  acid. 

It  will  be  obaerred  that  only  ona  of  the  cyanogen  atoms  ia  transformed 

into  COOK. 

The  foregoing  derivatiyes  of  acetone  are,  I  think,  in  many  respects  very 
remarkable  bodies.  I  therefore  propose  to  submit  tliem  to  a  careful  study. 
I  propose  also  to  ascertain  whether  or  not  the  true  aldehydes  yield  analo- 
gous bodies  when  tieated  in  a  simUar  manner. 

III.  "Besearebes  on  the  Hydrocarbons  of  the  Series  CjiHsfi4.s. — 
No.  ly.''  By  C.  ScHORLBMHBR.  Commuoicated  by  Prof.  O. 
G.  Stokbs.   Eeceived  April  18, 1868. 

On  the  relat ion  between  Buiiini/-])oin(  ami  (7iemical  Strucfure. 

It  is  from  researches  published  only  during  last  year  tliat  wc  have  ob- 
tained a  more  definite  knowledge  of  the  chemical  structure  of  some  of  the 
hydrocarbons  of  tlie  above  series,  so  that  we  are  enabled  to  explain  the 
rnode  in  which  the  carb(  n  atoms  are  united.  This  has  been  achieved  by 
obtainiiiL;  these  hydrocarbons  by  synthesis  from  other  compouuds,  the 
structure  of  which  is  perfectly  well  known. 

Thus  Friedel  and  Ladenburg  *  prepared,  by  acting  upon  methylchlor- 

acetol,  C    CH  ,  with  zincethvl,  the  hydrocarbon  C,  II..,  whicii  they  call 
I  CI, 

fCH, 

J  CH 

carbdimethyldicthyl,  and  which  has  the  structure  C  "j  (;  h^.  Butlcrowf 
*  Ann.  der  Cbem.  and  Pbarni.  vol.  C3dii.  p.  310.  t  Ibid.  vol.  odiv.  p.  10. 
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replaced  in  tertiary  butyl  alcohol  the  group  HO  hy  hydrogen,  and  ob- 
tained an  laomer  of  diethyl  to  whicli  be  gives  tbe  name  trimetbylformen, 

CIl3 

Gil 

QQ*.   In  my  last  communication  to  tbe  Society  I  described  di-iso- 
H* 

propvl  and  amylisoinojiN  1.  and  pointed  out  their  constitution*.  Further, 
Erleumoycr  1ms  sliowii  (bat  nmyl  alcohol  and  butyl  alcohol  formed  by  fer- 
mentation Imve  the  following  structuret:— 

Butyl  alcohol.  Amyl  alcohol 

CIT3    CH,  CH,  CH, 

CTL  611 
cn,  OH  CH, 

CH,OH 

Tiicse  tsvo  compounds  contain,  therefore,  the  group  isopropyl.  CH(CHJ^ 
which  also  must  be  present  in  tbe  hydrocarbons  derived  from  these  alcohols. 

All  hydrocarbons  of  known  structure  may  be  arranged  in  four  groups; 
I  he  members  of  each  group,  wbich  are  liquids  at  the  mean  temperature  of 
the  air,  exhibit  a  very  regular  increase  in  tbe  boiling-point  for  eocb  increase 
of  CH,. 

Ut,  group.  Hydrocarbons  in  wbich  eacb  atom  of  carbon  is  united 
witb  not  more  than  two  other  carbon  atoms*  or  in  which  the  carbon  atoms 
are  arranged  in  a  single  chain.— To  this  group  belong  the  three  lowest 
members  of  the  series  0«Hi.+s,  of  which  no  isomers  exist,  as  well  as  di- 
ethyl, C,H,^  hcxylbydride,  C,H„,  derived  from  suberic  acid  t  and  hcp- 
tylhydride,  C,Hi,,  from  asellc  acidj.  My  reasons  for  considering  that 
tbe  two  last  ones  belong  to  this  group  are  s  (1)  They  boil  at  a  higher  tem- 
perature than  their  isomers  of  known  structure;  and  we  find  that  the 
simpler  the  manner  in  which  the  carbon  atoms  are  combined,  the  higher 
the  boiling-point.  Thus  we  have,— 

Di-uopropyl  boils  at  58''  0.        Ethylbutyl  boils  at  G2  C. 

CH  t'H 
CH  CH, 


/ 


Ah, 


CH-    CH,  I 

CH, 

*  Froc.  Roy.  Soc.  vol.  xvi.  p.  34.  t  ZeiUchrift  fur  Chemie.  vol.  iil.  p.  117. 

t  Jonra.  Chcoi.  Soc.  N.     vd.  ii.  p.  2C0.       {  Pfoe.  Roy.  Soc  vol.  xiv.  p.  464. 
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Now  Lex)  Ihydride  boils  at  69^5  C,  and  the  only  stractare  more  simple 
than  ethylbutyl  is  the  following,  which  must  express  that  of  hex)'lhydridej 

in. 

CH, 

I    • 

The  same  is  the  case  in  the  hydrocarbons  having  the  composition 
C,  H,5,« 

Cubdimcthyldietliyl.  EthylamyL  Hept)  Ui  yilride. 

Boiling-point  86<*.         Boiling-point  91".    Boiling-point  1 00"*5. 

CH,  CH,  CH,  CH, 


I 

CH, 


CH, 


I 

CH, 


(2)  The  fornmtion  of  tliese  hjdrocnrboiis  points  out  tlint  they  must 
have  n  vory  sim])lc  mnstitutioti.  The  acids  from  which  they  are  derived 
are  obtaiucd  by  the  s})litting  up  of  compounds  containiuf^  a  large  number 
of  carbon  atoms,  and  from  tlicsc  acids  ihoy  (hydrocarbons)  are  derivwl  by 
a  further  separation  of  carbon  The  difference  in  the  boiling-points  of 
heiylhydride  and  heptylhydride  is  31°  C. 

Boiling.point. 

C,H,j    69-5 

C,H,  100*6 

The  hydrocarbon  C^  H,^,  found  in  American  petroleum  appears  to  be 
identical  with  that  preparal  from  suberic  add.  The  higher  specific  gra- 
vity which  the  hexylhydride  from  roeh-oil  shows,  as  observed  by  Cahonrs 
and  Pelonse  and  by  me,  is  occasioned  by  impnrities.  As  I  have  shortly 
mentioned  in  my  last  commnnication,  I  have  studied  the  action  of  nitric 
acid  npon  this  hydrocarbon.  On  oxidising  in  this  way  about  120  grm8.j 
of  which  the  boiling-point  was  67^  to  and  the  specific  grarity  0*6709, 
at  15%  abont  10  grms.  were  left  unattacked,  which  certainly  mnst  have 
been  very  pure.  This  remaining  portion  boiled  at  70%  and  had  the  spe- 
cific gravity  0*6651  at  W'S»   The  hexylhydride  which  Erlenmeyer  and 
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"Wnnklyn  prepared  from  iiiannite*  also  cxliibits  in  its  Loiling-jvnnt  and 
S])ccitjc  gravity  a  close  agreement  with  the  hydrocarbon  from  suberic  acidj 
aud  appears  to  be  the  same, — 

BoUing-poiut.       Spec.  grav. 

C,H,.  from  saberic  add  ....    G9  5         0*66 1 7  at  1 7-5 

M      „   mannite    68-70       0*6645  at  16-5 

„      „  rock-oU   70  0*6651  at  16*5 

2ndproup,  Hydrocarbons  in  ivliicb  one  atom  of  carbon  ii  united  with 
three  others,  or  which  oontun  the  group  isopropyl.  —The  members  of  this 
■ection  are  trimethylformen,  amylhydride,  ethylbutyl,  ethylamyl,  and  the 
hydrocarbon  CgH,,  which  I  have  prepared  from  the  eapiylalcohol,  ob- 
tained tnm  castor  tnlf.  Trimethylformen  boils  at  abont  ~  15^  C. ;  the 
other  membeit  are  liquid  at  common  temperature^  and  show  the  same  di^ 
feienoe  In  their  boiling-pmnts  as  those  of  the  first  group,  namely  31^. 

Boilin;(-poii^ 

/  '  ^ 

Obtorred*  CalcnlUed. 

CH,  CH, 

\/ 
(JH 

Amylhydridci  =      i  30^  30^ 


CH,  CH. 


Ethyibutyl,  C.  Hj^      =      ^H,  62»  61* 


I 


Ethjl»myl,  ..0,H„  =     V"-  910 

in. 

*  Journ.  CUeiu.  Soc.  N.  S.  vol.  i.  p.  233. 

t  This  alcohol  ia,  as  1  have  foiiiid,  a  teeondary  or  iao^TcoIiol.  An  seeonnt  of  tbli  ia- 
▼eiMgttioa,  and  the  reasons  why  I  class  the  hydrocarbon  deiind  from  the  alcohol  in  the 
above  groap^  lahiUl  comQunicate  to  the  Society  ahortly. 
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Boiling*  point* 

,  *  ^ 

Obtenred.  CAlcuUted. 

CH,  CH, 

CE 
I 

Oct^  lhydride,  C.H„    =  124*  123 

(from  capiylaleofaol)  CH, 

CH, 

Srd  grenp*  Hydrocarbons  which  contain  the  groap  isopropyl  twice. — 
The  difference  in  the  boiling-points  of  the  memben  of  this  group  is  25"^  C. 
They  are  di-isopropyl,  dibutyl,  whicli,  as  I  have  8hofm»  ia  identical  with 
amyliaopiopylf  bntf hunylj  and  diamyL 

Di-iaopiopyl,  C,H„   «  68°  68® 

/\ 
CH,  CH, 

(Not  known)  C,H^,    —  83» 

CH,  CH, 

Ah 

dH,  CH, 
CH,  CH, 

Batylamyl      C,H„   =     (;H,  132°  133° 

in, 

CH,  CH, 

VOL.  XVI.  2  M 
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BoiHnK-point. 

  „t,^  

Observed.  Calculated. 


Aih  group.  Hydrocarbuus  in  which  one  atom  of  carbou  is  combined 
with  four  other  carbon  atoms. — Of  this  group  onlj  one  member  is  kaowu, 
namely  carbdimethyldietliyl,  which  boils  at  86°. 

It  thus  appears  that  from  the  boiHug-point  of  a  hydrocarbon  of  the 
series  Il^n^-a  conclusions  may  be  drawn  concerninc?  its  constitution,  just 
as  iii  tliL'  scries  of  aromatic  hydrocarbons*.  Further  researches  must 
show  whether  the  law  which  I  have  pointed  out  in  iXn^  paper  is  a  general 
oue. 

IV.  "  Researcbea  on  the  Hydrocarbons  of  tbe  Series  C„  Hj^^.,.— 
No.  V."  By  C.  ScHORLEMMBR.  Communicatcd  by  Profeflflor 
G.  G.  Stokes,  Sec.  B.S.   Received  May  7, 1865. 

Oxidation  Products. 

In  a  former  connuunicfltTont  I  Imvo  shortly  described  tlio  fiction  of  dif- 
ferent oxidizing  lUs  upon  some  of  the  saturated  hydrocarbons  j  the  fol- 
lowing paper  couiains  s  ime  further  results  wliich  I  have  since  then  obtained. 
One  of  the  most  striking  properties  of  these  compouiKls  is,  that  they  are 
with  the  greatest  difficulty  acted  upon  by  any  oxidizing  substance  in  the 
cold.  On  heating  them,  however,  a  reaction  sets  in,  and  either  they  are 
completely  burnt  up  to  carbonic  dioxide  and  water,  or  otiier  oxidation  pro- 
diicts  besides  those  two  are  formed  in  comparatively  small  quantities; 
thus  chroiuir  ncid  produces  some  acetic  acid.  Fuming  nitric  acid,  which 
in  the  cold  sliows  no  action  whatever,  even  if  left  in  contact  with  one  of 
these  iiyilrocaibons  for  months,  acts  rather  violently  on  crentlv  heating; 
acid  of  the  specific  gravity  14  acts  iu  a  similar  way,  and  pi  odaces  the  same 
products,  but  the  reaction  is  much  less  violent.    The  apparatus  which  I 

*  Compare,  about  the  boiling-points  nfthc  aromatic  liydrocarbons,  tbadaborttcpivef 
of  Kopp  ill  Ann.  der  Cbcm.  und  IMiarni.  vol.  v.  (Supplcmcut) p.  31d« 
t  Proceedings  of  the  Royal  Society,  vol.  xvi.  p.  38. 
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used  consisted  of  a  2:lriss  f^ask  of  about  one  litre  capacity,  the  narrow  neck 
of  ^.vhich  was  several  feet  in  length,  and  surrounded  by  a  wider  tid)t  throTirrh 
wliic])  cold  water  flowe^^  The  hydrocarbons  treated  in  this  wav  were 
hexylhydridc  and  orfylliydridc  (from  petroleum),  and  diamyl.  They  were 
heated  witli  the  acid  as  lonp;  as  red  fumes  were  evolved  ;  the  liquid  left  in 
the  flask  wus  then  distilled  in  a  retort,  until  the  unaltered  liydrocarlxui 
together  with  the  greater  j>art  of  the  diluted  nitric  acid  had  passed  over. 
The  syrupy  residue  was  heated  in  a  steam-bath  as  long  as  nitric  acid  va- 
pours escaped.  A  thick  syrupy  mass  was  left,  from  which,  on  cooling,  a 
crystallizr  l  arid  was  deposited  ;  on  adding  water  these  crystals  dissolved, 
whilst  a  thick  yellowish  oil  separated.  This  oil  is  insoluble  in  water,  but 
somewhat  soluble  in  the  aqueous  solution  of  the  crystalline  acid,  wliieli 
therefore  cannot  be  obtained  quite  free  from  the  oily  substance  by  recrystai- 
lization  only ;  but  this  may  be  effected  by  washing  the  crystals  with  cold 
ether,  which  dissolves  very  little  of  them,  whilst  the  oil  itself  is  very  soluble. 
The  acid  obtained  from  octylhydride  and  that  from  diamyl  melted  at  1H()° 
C,  and  showed  all  the  characteristic  reactions  of  succinic  acid ;  that  from 
hexylhydride,  from  which  I  obtained  only  a  very  small  quantity,  could  not 
be  completely  freed  from  the  yellow  oil,  and  therefore  did  not  show  a  defi« 
nite  melting-point;  it  began  to  fuse  at  about  120°,  and  became  perfectly 
liquid  at  150°;  it  exhibited,  however,  all  the  reactions  of  succinic  acid  ; 
and  the  following  analyses,  although  they  do  not  agree  very  well,  yet  show 
that  it  was  this  compound.  From  the  acids  the  calcium  and  the  silver-salt 
were  prepared  by  neutralizing  the  aqueous  solution  with  caldom  carbonate 
and  concentrating  the  filtered  solution  by  boiling,  when  the  aalt  separated 
in  microscopic  needles.  Calcium  eaccinate  obtained  in  this  way  has  the 
formula  C\lI^CaO^-hHjO;  the  quantities  of  water  and  calcium  found 
agree  with  this  composition.  'ITie  water  was  determined  by  drying  the  salt 
at  180°  C,  and  the  calcium  by  heating  the  dried  salt  over  the  blowpipe 
until  the  reaidue  had  a  constant  weight. 


Found 


Calculated  for      Acid  from  hexyl-  ^j^^  ,^ 

Qj  Hi  C  aOj -(- O.         hynnde.  ' 
H,jO   10  3  per  cent.    9'4  per  cent.    9*8  per  cent. 

CaO    32-2     „        33-3     „        32G  „ 

To  obtain  the  silver-salts,  the  solution  of  the  calcium-salt  was  precipitated 
by  silver-nitrate  and  the  washed  precipitate  dried  at  120%  and  the  silver  de- 
termined hj  ignitug. 

Found 


From  hexyUiydride. 

Ag  =  ]»er  cent.   CJ-.i  p.  c.    til'l  p.  c.  j).  c.    b4  /p.  c. 

The  yellow  oil  which  is  formed  besides  succinic  acid  contains  nitrogen; 
it  is  not  volatile,  and  decomposes  on  heating ;  caustic  potash  converts  it 

2  M  2 
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into  a  red  retinoiu  tubsUuice.  It  dindlni  tcit  earily  In  laming  mtik 
acid ;  on  boifing  this  iolution  for  some  time  the  oil  is  ooQTcrted  into  a 
white  solid,  which  sepaiates  as  ciyBtalline  powder  on  addition  of  water,  end 
which  crystaUises  from  alcohol  in  large  flat  needles.  I  did  not  obtaitt  soft- 
dent  of  this  compoond  for  a  satisfactory  anslyas ;  also  the  quantity  of  sne^ 
dnic  add  obtained  is  always  very  snoall  in  comparison  to  the  amonnt  of 
hydrocarbon  used,  which  is  to  the  greatest  part  oxidised  to  water  and  car* 
bonic  dioxide. 

The  distillate  obtained  after  the  oxidation  contdoi^  besides  unaltered 
hydrocarbon  and  dilated  nttrie  add,  also  a  small  quantity  of  fatty  adds  and 
of  nitriles.  I  have  only  examined  those  whidi  were  derired  ftmn  diamyL 
The  liquid  was  neatralised  with  sodium«carbonate,  the  diamyl  separated 
and  distilled  $  after  the  hydrocarbon  had  passed  o?er,  the  thermometwr  rose, 
and  between  23(P-235°  a  small  quantity  of  a  yelloirifih  liquid  passed  over, 
which  had  the  characteristic  smell  of  the  nitriles  of  the  &tty  adds.  On 
heating  it  with  an  alcoholic  potash  solutioD,  ammonia  was  given  off,  I  tried 
to  convert  the  potasdnm-sslt  thus  obtsined  into  the  silver-salt,  bnt  obtained 
the  latter  only  in  small  quantity  and  in  an  impure  state,  so  that  I  could 
not  analyze  it.  The  boiling-point  of  the  nitrile  agrees  with  that  calenlatcd 
for  caprinitrile,  C,o  H„  N.  The  solution  of  the  sodium-salts  was  eviqiorate^ 
and  the  residue  distilled  with  a  small  quantity  of  nitric  add ;  the  acid  dis- 
tillate, on  which  oily  drops  swam,  smelt  of  valerianic  acid.  It  was  neu* 
trslized  with  ammonis,  and  predpitated  with  nlver-nitratein  three  fractions. 

( 1 )    i'Vaction  contained  45*27  per  cent,  ot  silver. 
m  „        «        4G-84        „  „ 

(3)  „        „        49-50  „ 

Silver-oenanthylate  contains  45*57  per  cent.  Ag»  and  silver- valerate  51*67 
per  cent.  Ag.  The  fatty  acids,  which  were  formed  by  oxidising  diamyl 
with  nitric  add,  consisted  therefore  of  oenanthylic^  valerianii^  and  no  doubt 
also  caproic  adds. 

I  have  ftirther  examined  the  products  which  are  obtsined  by  oxididag 
the  amyl  acohol  derived  from  petrolenm.  As  I  have  ahown  in  a  former 
communication*,  the  amyl  compounds  obtained  from  fasel-oH  appear  to 
be  identical  with  those  from  petroleum,  as  they  hav^  the  same  ppedfie  gra* 
vity  and  the  same  boiling-points;  the  only  difference  which  I  fonndistfaat 
the  boiling-point  ofamylhydride  is  about  4^  higher  than  that  derived  from 
the  fermentation  alcohol.  The  whole  quantity  of  amyl  alcohol  which  I  had 
prepared  from  petroleum  was  only  3  grammes.  As  ozidizing  mixture  I 
used  a  solution  of  two  parts  of  potassium  bichromate  in  ten  psrts  of  water, 
to  which  was  added  three  parts  of  sulphuric  acid.  The  sloohol  was  added 
to  the  cold  liquid,  and  the  reaction  moderated  by  surrounding  the  flask  with 
cold  water.  As  soon  as  the  reaction  was  flnished  the  liquid  was  distilled, 
and  the  add  distillate,  which  smelt  strongly  of  vslerianic  add,  neutralised 

*  Proceedings  of  the  Royal  Society,  vol.  xv.  p.  131. 
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mth  aodiiim-carboDate ;  a  small  quantity  of  a  nentiil  oil  remained  unclis. 
solved»  which  was  lemored,  and  the  solatioa  of  the  sodinm-salt  evaporated 
to  dryness.  The  residue  was  distilled  with  sulphuric  add,  and  fnm  the 
distillate,  on  which  an  oOy  acid  swam,  a  ailTer-salt  prepared. 

(1)    0'3190  of  this  salt  gave  0-1830  Ae. 

(IQ    0*2408  of  salt  of  another  prcj)uration  gave  0-1358  Ag. 

Salt  No.  1  contained,  therefore,  57*3  per  cent.  Ag,  and  No.  2  56*4  per 
cent.  Ag.  This  composition  differs  very  much  from  siiver-valerate,  which 
contains  51*67  per  cent.  Ag;  yet  the  characteristic  odour  of  the  distillate 
leaves  no  dauht  that  a  considerable  quantity  of  valerianic  acid  was  present, 
which  must  have  been  mixed  with  a  lower  member  of  the  fatty  acid  aeries. 
1  soon  found  that  acetic  acid  was  present ;  for  on  distilling  the  residue  in 
the  retort  and  collecting  separately  the  last  distillate,  a  liquid  was  obtained 
which  smelt  of  acetic  acid.  It  was  converted  into  the  silver-salt.  0*2340 
of  this  salt  gave  0*1485  Ag,  or  contained  63*  IC  per  cent.  Ag,  whilst  the 
calculated  percentage  is  6\'G7  per  cent.  Pedler  has  found  that  active 
amy]  alcohol  yields  on  oxidation,  besides  valerianic  acid,  a  considerable 
(quantity  of  acctic  acid*,  the  same  products,  therefore,  as  amyl  alcohol  from 
petroleum. 

Tlic  neutral  oil  above  mentioned  was  treated  again  with  the  oxidizinii; 
mixture,  which  had  hardly  any  action  on  it  in  the  cold;  it  was  therefore 
dried  and  distilled.  The  greatest  portion  boiled  between  97°-120°,  and 
distilled  on  rectification  nearly  wholly  between  95°~10a°.  It  had  a  plea- 
sant fruity  smell,  and  formed  with  hydrogen  sodium-sulphite  a  crystaliiue 
compound.    The  analysis  yielded  the  following  results  : — 


The  only  simple  formula  which  can  be  calculated  from  these  numbers  is 
C,  H,o  O,  although  the  quantity  of  carbon  is  I  per  cent,  short ;  pfohably  it 
contained  a  little  amyhioetate;  the  odour  of  it  certamly  resemhied  that  of 
this  ether,  and,  as  the  following  calenlated  oompodtions  of  O  and  of 
amylaeetate  show,  such  an  admixture  would  lower  the  percentage  of  carbon. 


0*3080  substance  gave  0*7740  CO,  and  0*3220  H,  O. 


C    »  68-5 

H    =  11«6 

O    =  19-9 


100-0 


c 

H 
O 


69*77 
11-63 
18-60 

10000 


64*61 

10-77 
^4*62 

10000 


*  Joum.  Chein.  Soc.  2  ler.  vol.  vi.  p.  76. 
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How  this  compomid^  which  without  doubt  was  an  aoeton,  has  beeu  formed 
I  am  at  a  loss  to  understand.  The  Yery  asBall  quantity  of  liquid  boiling 
abore  130^  consisted  chieflj  of  amylTslmte ;  at  least  it  had  the  odour  of 
this  ether. 

I  should  hsTS  wished  to  be  able  to  ffjt  more  definite  results,  hmt  tbe 
preparation  of  amyl  alcohol  from  petroleum  is  difficult  and  requires  a  Yery 
long  time.  But  as  the  oxidation-products  of  the  different  amyl  alcohols 
are  bemg  at  present  inTestigated  by  diffierent  chemists,  I  thought  it  would 
not  be  without  interest  to  publish  these  incomplete  results. 

V.  On  the  Constitution  of  Capryl  Alcohol  from  Castor ^il." 
By  C.  ScHORLEMUER.  Commuuicated  by  Prof.  G.  G.  Stokbs, 
Sec.  R.S.    Received  May  7,  186B. 

There  is  j)crlmps  no  other  compouud  kuowii  which  has  been  so  often 
and  so  fully  iuvcstigated  by  different  chemisff,  and  yet  whose  constitution 
is  clouded  in  so  much  obscurity,  ns  the  alcohol  wiiich  is  obtained  by  dis- 
tilling castor-oil  soap  with  caustic  alkalies.  From  the  time  of  its  discovery 
until  recently,  this  compound  has  been  alternately  considered  by  one  in- 
vestigator to  be  cajjryl  or  octyl  alcohol,  and  by  another  to  consist  ot* 
(rnanthyl  or  heptyl  ulcohoh  As  a  proof  that  it  is  capryl  alcohol,  Bonis 
states  tlmt,  by  the  moderate  action  of  nitric  ncitl,  a  small  quantity  ot  caprylic 
acid  is  produced,  the  greater  part  of  the  alcohol,  however,  behig  oxidized 
to  lower  inendxrs  of  the  fatty  acid  scries*;  and  Kolbc  conclude^*,  from  the 
formatiuu  of  these  acids,  that  it  is  a  secondary  or  iioak^holj  probably 

fCH, 

methyl-hexyl  carbinol,  C  <       "  f.  As  I  shsll  show  in  this  paper,  Kolbe*s 

[oil 

view  is  correct ;  by  moderate  oxidation,  the  alcohol  loses  two  atoms  of 
hydrogen,  and  is  converted  into  the  corre.^pondiii:;  acetone,  n^ethyl  n?nanthol, 
the  same  comj)onnd  which  is  generally  obtained  as  a  hyeproduct  in  tbe 
prcj)arati()n  of  the  alcolud.  The  alcohol  which  1  used  was  prepared  by 
distilling  a  mixture  ot'  ca'-tor-oil  soap  and  caustic  soda  in  a  flask  of  thin 
coppcr-'^V.rcf ing  as  quickly  as  possible.  The  distillate  was  repeatedly 
rectified  over  fused  caustic  potash,  the  portion  boiling  below  200°  C.  only 
being  collected.  The  alcohol  was  isolated  from  this  liquid  by  fractional 
distillation;  its  corrected  boiling-point  was  181"  C.  The  portions  havings 
lower  hoilmg-point  consist  of  hydrocarbons,  which  comhine  with  bromine, 
])rohal)ly  mend)ers  of  the  oletinc  series,  amongst  which  octylene,  boiling  at 
12.VH\,  j)re]H)ndera(es,  A  considerable  tpuuitity  of  liquid  distilled  above 
160%  the  boiling-point  remaining  somewhat  constant  at  170°  C.  Neither 

*  Ann.  de  dum.  et  de  Thja.  3*  S^.  toI.  zUt.  p.  123. 
t  Ann.  d«r  Cbtui.  und  Phsnn.  ?oL  cnadL  p.  116. 
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this  fraction  nor  any  other  distillate  contained  an  acetone,  as  none  com- 
biued  with  hydrogcu-sodium  sulphite.  According  to  Chapman,  the  liquid 
boiling  at  1/0°  consists  chiefly  of  heptyl  alcohol"^.  la  order  to  isolate 
this  alcohol,  I  acted  upon  the  liqcdd  boiling  between  1 60°- 17.i°  with  iodme 
and  phosphorus.  The  product,  subjected  to  fractional  distillation,  was 
found  to  consut  of  uoctyl  iodUe,  boiling  at  210^-215°,  and  of  hydrocar- 
bons, dtsMing  below  160^ ;  the  portion  which  oame  over  between  1 60° 
and  210^'  was  very  small,  and  diminished  after  eaoh  fiirther  distillation. 
TbSa  flhowa  that  no  heptyl  alcohol  was  present,  and  that  the  origiual  liquid 
boilmg  at  17<P  waa  a  mixture  of  iaoctyl  alcohol  and  hydrocarbons,  which 
could  not  be  leparatod  by  simple  fractioning. 

To  obtain  the  oxidation  products  of  tsoctyl  akohol»  I  acted  upon  it  with 
a  flolntion  consisting  of  3  parts  of  sulphuric  add^  2  parts  of  potassium 
bichromate,  and  10  parts  of  water,  the  reaction  being  moderated  by  sur- 
rounding the  vessel  with  cold  water.  As  soon  as  no  fhrther  action  was 
observedj  the  liquid  was  distilled.  The  distillate  consisted  of  an  aqueous 
liquidj  whidi  had  a  slight  acid  reactiont  and  a  light  oily  fluid ;  it  was  neu- 
tralized with  sodium  carbonate^  and  the  oil  treated  again  with  the  oxidizing 
mixture,  which,  however,  had  hardly  any  action  upon  it  in  the  cold.  This 
oily  liquid  is  methyl  OBnanthol ;  it  has  the  characteristic  odour  of  diat 
compound,  and  when  shaken  with  a  concentrated  solution  of  hydrogen- 
sodium  sulphite,  solidifies  to  a  mass  of  pearly  white  crystals.  'These  were 
dried  between  blotting-paper,  and  decomposed  by  a  dflute  solution  of  caustic 
soda.  The  oil  which  separated  was  dried  over  calcium  chloride ;  it  dis- 
tilled completely  between  I70^-172*^  tlie  boiling-point  of  methyl  «enauthol 
being  17^. 

In  order  to  oxidize  this  compound  fhrther,  it  had  to  be  heated  with  the 
oxidizing  mixture,  when  a  slight  evolution  of  carbon  dioxide  was  observed. 
The  acid  distillate  was  neutralized  with  sodium  carbonate,  and  the  acetone 
unacted  upon  treated  again  as  before.  The  different  solutions  of  the  so- 
dium-salts were  evaporated,  and  the  soUd  residue  decomposed  by  diluted 
sulphuric  acid.  An  oily  acid  separated,  which,  after  drying,  distilled  at 
1 98^-200°,  which  is  the  boiling-point  of  caproic  acid,  the  characteristic 
odour  of  which  it  also  exhibited.  To  place  beyond  doubt  that  it  was 
really  thb  compound,  a  portion  of  it  was  neutralized  with  ammonia  and 
precipitated  by  silver  nitrate.  A  white  curdy  precipitate  was  obtained, 
which  was  nearly  insoluble  in  cold  water,  and  only  slightly  soluble  in 
boiling  water.  It  did  not  darken  either  by  exposure  to  the  light  or  to  a 
temperature  of  100°.  From  the  hot  saturated  solution  it  separated  as  a 
crystalline  powder ;  nor  could  I  obtain  it  in  definite  crystals  by  evaporating 
the  solution  in  vacuo, 

(1)  0*2407  of  this  salt  gave  0*1170  silver. 
i2)  0*3720  gave  01810  silver. 

*  Joum.  Ohem.  Soc.  ^lew  Ser.  ToL  iii.  p. 
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Pound 

Caloulaled  fur  ^  ■         ■*  > 

c^HhA^o,  t.  n. 

48*43  per  cent.  Ag.         48*60  per  cent.   48*65  per  cent. 
Another  portion  of  the  add  was  converted  into  the  bariimi-Mlt,  which 
ciyitallized  from  a  hot  saturated  solution  in  long  needla^  grouped  m 
atiui^  the  chaieeterittic  form  of  beriom  cepioete. 

0*2475  of  the  btrium  nit  gftre  4318  hariom  ceibonaie. 
Calculated  foe 

(C«H„0,)gBa.  Focmd. 
37*33  per  cent.  Be.  37*40  per  cent. 

I  also  prepnrcd  the  ethyl  compound,  which  I  found  to  boil  at  160°— 16;?'; 
the  boiliug- point  ut  ethyl  caproatc  is,  according  to  Fehlins:,  *. 

Besides  caproic  acid,  a  large  quantity  ol  acetic  acid  was  Ibrmed,  which 
was  isolated  by  distilling  the  aqueous  liquid  from  which  the  caproic  add 
had  been  removed.  With  the  first  portion  of  the  distillate,  oily  drops  of 
caproic  acid  came  over  ;  the  latter  portion,  which  was  collected  separately, 
had  the  pure  odour  of  acetic  acid  ;  it  was  rectified  twice,  and  the  l««t 
portion  collected,  which  was  boihd  with  silver  carb onivte.  From  the 
filtered  solution  silver  acetate  crystallized  on  cooling  iu  characteristic  long, 
flat  needles. 

(1)  0*2140  of  this  silver-salt  gave  0'1373  silver. 

(2)  0*5895  of  the  salt  gave  0*3825  silver. 

Found. 

Calculated  for  ^  ' 

C^^AgO,.  I.  TI. 

64*68  per  cent.  Ag*         64*20  per  cent.    64  88  per  cent. 
These  experiments  prove  that  the  capryl  alcohol  from  cattor-oil  is 
a  flpGondary  or  isoctyl  alcohol  to  whicb«  adopting  the  nomenclature 

I  C  II 

proposed  by  Kolbef,  the  name  methyl  hexyl  earbinolt  C<  ^ 

[on 

must  be  given.    This  alcohol  yields,  on  oxidation,  first,  the  corresponding 

acetone,  methyl  oeuauthol,  C       U,,,  which,  under  lui  thcr  oxidation,  splits 

up  into  caproic  and  acetic  acid,  exactly  as  the  theory  reqoirci. 

Another  question  to  he  answered  was,  what  is  the  structure  of  the  group 

Hexyl    H,,  contained  in  this  isoalooholt  The  caproic  acid  contained  In 

fats  and  that  prepared  from  amyl  cyanide  appear  to  be  identical  with  that 

which  I  ohtainedlt*  Now,  accordine  to  Erlenme^er,  in  the  amyl  com* 
pounds  the  carbon  atoms  are  grouped  in  the  foUowmg  manner : — 

*  Ann.  tier  Chcm.und  Pharm.  vol.  liii.  p.  408. 
t  Ibid.  vol.  oxxxii.  p.  103. 

t  Oftproie  add  doviatsa  the  piano  of  <lio  poUiiKd  Ught»  wblbt  flwt  firam  eocoa*aiit-> 
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and  this  grouping  must  therefore  also  exist  in  caproic  aokl  and  in  iaoctyl 
aloohol.  To  obtain  evidence  respecting  this '  question,  I  converted  the 
alcohol  into  the  corresponding  hydride  by  a  very  »mple  method^  which  is  a 
general  one,  and  by  which,  with  the  greatest  ease,  the  corresponding 
hydrocarbon  can  be  obtained  from  any  alcohol.  The  alcohol  was  first 
converted  into  the  iodide,  which  was  brought  together  with  zinc  turnings 
and  diluted  hydrochloric  add  in  a  flask  which  was  surrounded  with  cold 
water.  After  a  few  hours  the  heavy  layer  of  iodide  had  disappeared,  and 
a  light  liquid  swam  on  the  top.  This  consisted  almost  entirely  of  the 
hydrocarbon  C«  H,^ ;  traces  of  iodide  and  alcohol  which  still  adhered  were 
removed  by  treating  the  liquid  with  sulphuric  and  nitric  acids,  and  by 
distiUmg  it  over  sodium.  The  pure  hydrocarbon  boils  constantly  at 
124^  a,  and  has  the  specific  gravity  9*7083  at  12^*5. 

0-2870  of  this  liquid  gave  0  b«40  CO^  and  0*416U  11,0. 
Calculated* 

^  *  Pound. 

C,  96  84-2  84-0 
H,,      18      158  Ifi-l 


114     100*0  lOO'l 

As  I  liavc  Fhown  in  my  last  communication  to  the  Society,  a  liydro- 
carbon,  liavinjj;  the  formula  C^TT,,  and  the  boiimg-poiiit  123°,  contains  one 
carbon  atom,  whidi  is  combined  with  3  others,  or  the  carbon  atoms  are 
grouped  in  a  similar  manner  as  in  the  amyl  compounds.  The  structure  of 
isoctyl  alcohol  will  therefore  most  probably  be  expressed  by  the  follow- 
ing formula * 

CIT,  CH, 

\  / 
\/ 

CH 

Ah, 

CH. 


6 


CHOH 

I 

CH, 


oil  IS  inactivr.  This  pbysic&l  difference  in  nu  >1  probably  caused  by  a  diiTc  rent  ni  miige- 
ment  of  the  molecules,  und  not  by  a  diir«rt-nl  grouping  of  (be  atoms  iu  the  uioliciUe. 
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By  distilling  sebacic  acid  with  caiutic  baiyta,  Biche*  obtaiiicd  the 
hydrocarbon  C^H^,  which  boiled  at  127^.  Biche,  howcTer,  did  not 
obtain  this  compound  ui  a  pure  state.  I  prepared  this  hydrocarbon  in  the 
same  way,  and  found  that  the  distillate  is  a  mixture  of  different  compoundsi 
just  as  is  the  esse  when  suberic  and  aselaic  acids  are  distilled  with 
barytat*  The  pare  hydrocarbon,  isolated  from  this  mixture  by  means  of 
strong  acids  and  so  on,  boils  at  1 23^-1 25^,  and  has  the  same  specific  gravitj 
as  that  from  botyl  alcohol,  vis.  0*7083  at  12^-5.  These  two  hydrocarbons 
appear,  therefore,  to  be  identical,  and  the  carbon  atoms  in  sebacic  add  must 
also  be  arranged  in  a  simiUr  manner  as  in  isoctyl  alcohol. 


The  secondary  arayl  and  octyl  alcohols  may  be  considered  lo  l>e  dtim  d 
ii  in  the  tertiary  butyl  alcohol,  iu  a  similar  manner  as  the  butvl  and  amvl 
alcohobs  loiiucd  by  feruieutatiou  iVoai  the  secondary  propyl  alcohol,  rii. — 


CII3  CH, 
^  / 


6h, 


BoilintT.  Diffor- 
poiut.  onoe« 


Secondary  propyl  alcohol,  84'= 

I 

Oil 
CH,  CU, 

Fermentation  butyl  alcohol,  108= 


cn.  CH, 

\/ 
cu 

Fermentation  amyl  alcohol,  (jh  132^ 

OR 
CU,  CH, 

N  / 

Tertiary  butyl  alcohol,  (^qh  S2° 


*  Aiin.  Act  CIictii.  uikI  Plmrm.  vol.  cxr.  p.  111. 
t  Dole,  Journ,  Cbem.  Soc,  Now  Ser.  vol.  ii.  p.  258. 
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26« 


Digitized  by  Google 


1868.] 


Swedish  Goverfuneni  Polar  Expedition, 


381 


Boiling*  IMfiMF- 

point.  enco. 

26° 


SecoDdaij  amyl  alcohol. 


Secondary  octyl  alcohol. 


3x24« 


It  is  seen  that  the  diflbrence  in  the  boiling-poinU  in  both  series  is  about 
W  for  each  increase  of  CH, ;  and  further,  that  the  boiling-point  of  a  mem- 
ber of  the  first  series  is  the  same  as  the  boillag- point  of  that  member  of  the 
second  series  which  contains  CH,  more. 

VI.    Annoiincement  of  the  intention  of  the  Swedish  GoTemment 

to  send  out  a  new  Polar  Expedition/'  In  a  Letter  addre^sscd 
to  the  President,  by  Prof.  A.  E.  Nordenskiold.  Couuuuul- 
cated  by  the  Presideut,   Hooeived  May  14,  1868. 


Dbak  Sin, — ^Some  days  ago  I  had  the  pleasure  of  receiving  yonr  kind 
letter  of  the  i2th  February,  and  the  same  day  I  was  informed  that  the  sum 
necessary  for  a  new  Polar  Expedition  was  furnished  by  some  private  gentle- 
men  of  Gottenburg*  Since  then  this  undertaking  has  been  embraced  witl) 
great  interest  by  the  Swedish  Government  and  the  navy,  who  have  granted 
the  new  expedition  a  strong  and  excellent  serew«8teamer,  which  will  be 
supplied  with  provisions  for  a  year. 

The  main  object  of  the  expedition  will  be  to  penetrate  northward  from 
Spitsbergen ;  but  several  naturalists  will  also  accompany  it. 

I  hope  the  new  undertaking  will  be  embraced  by  yon  with  the  same  in- 
terest as  the  former  ones,  though  the  measurement  of  an  arc  of  meridian 
does  not  yet  make  the  aim  of  our  enterprise.  But  I  think  that  during  the 
expedition  I  shall  be  able  to  amend  my  omisBion  of  measuring  the  hill  south 
of  Fairhaven*,  which  surely  will  furnish  an  excellent  datum  for  determining 


Stodhohn,  May  0, 1868^ 


*  Philosophical  iran^aotioiut,  182^  p.  290. 
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the  nsing  of  the  land  ia  tliu  part  of  Spitibergen.  I  shall  also,  where  the 
rocka  are  hard  enough  for  the  purpose,  hore  along  the  thoiet  as  mmny 
watermarks  as  poaaible,  to  giTS  m  the  ftiture  sure  data  for  the  settliiig  of 
the  same  interestiog  question. 

If  it  were  possible  to  obtain  a  good  pendulou  we  also  would  make 
pendulum  obsenrationsi  at  least  if  the  expedition  femmns  in  these  r^ions 
during  the  winter. 

P.S.  The  expedition  will  start  ftom  Gottenbnig  July  the  15th. 

YIL  ''Further  Ohservations  on  the  Spectra  of  the  Sud^  and  of 
some  of  the  Stars  and  Nebnise,  with  an  attempt  to  determine 

therefrom  whetlicr  these  Bodies  are  moving  towards  or  from  the 
Earth."    By  William  Huggixs,  i.K.S.    Received  April  2^3, 

(Abstract.) 

§  I.  Introduction, 

The  author  states  that  at  the  time  of  the  publication  of  the  "  Obserrations 
on  the  Spectra  of  the  Fixed  Stars/'  made  jointly  by  himself  and  Dr.  W« 
A,  Miller,  Treas.  B.S.,  they  were  fully  aware  that  the  direct  compariaons 
of  the  bright  lines  of  terrestrial  substances  with  the  dark  lines  in  the 
spectra  of  the  stars^  which  they  had  accomplished,  were  not  only  of  yalue 
for  the  more  immediate  purpose  for  which  they  had  been  undertaken, 
namely,  to  obtain  information  of  the  chemical  constitution  of  the  infest- 
ing atmospheres  of  the  stars,  but  that  they  might  possibly  senre  to  reieal 
something  of  the  motions  of  the  stars  relatively  to  our  system.  If  the 
stars  were  moving  towards  or  from  the  earth,  their  motion,  compounded 
with  the  earth's  motion,  would  alter  to  an  obaenrer  on  the  earth  the  re* 
frangibility  of  the  light  emitted  by  them,  and  consequently  the  lines  of 
terrestrial  substances  would  no  longer  coincide  in  position  in  the  spectrum 
with  the  dark  lines  produced  by  the  absorption  of  the  vapours  of  the 
same  substances  existing  in  the  stars. 

The  method  employed  by  them  would  certainly  have  revealed  an  altera- 
tion of  refrangibOity  as  great  as  that  which  separates  the  lines  D.  They 
had,  therefore,  proof  that  the  stars  which  they  had  examined,  among 
others  Aldebaran,  a  Ononis,  fi  Pegasi,  Sinus,  a  Lyrm,  GapeDa, 
Arcturus,  Castor,  Pollux,  were  not  moving  with  a  velocity  which  would  be 
indicated  by  such  an  amount  of  alteration  of  position  in  a  line. 

Since,  however,  a  change  of  refrangibility  corresponding  to  that  which 
separates  the  components  of  D  would  require  a  velocity  of  about  196  miles 
per  second,  it  seemed  to  them  premature  to  refer  to  this  bearing  of  their 
observatmns.  The  earth's  motion,  and  that  of  the  few  stars  of  which  the 
parallax  has  been  ascertained,  would  make  it  probable  that  any  altcmtioa 
in  position  would  not  exceed  a  fraction  of  the  change  which  would  have 
been  observed  by  them. 
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The  author  has  since,  for  several  years,  devoted  much  time  and  labour 
to  this  investigation,  aud  beUeves  that  he  has  obtained  a  satisfactory 
result. 

He  refers  to  Doppler,  who  first  suggested  that  the  relative  motion  of 
the  luminous  object  and  the  observer  would  cause  an  alteration  of  the 
wave-length  of  the  light ;  aud  to  Ballot.  Klinkerfucs,  Sonnche,  Fizcau,  nitU 
Secchi,  who  have  written  on  the  subject. 

The  author  is  permitted  to  enrich  his  paper  with  a  statement  of  the 
influence  of  the  motions  of  the  heavenly  bodies  on  lij;ht,  and  of  some  ex- 
periments made  in  an  analogous  direction,  which  he  received  in  June  18(37 
from  Mr.  J.  C.  Maxwell,  F.R.S. 

It  is  shown  that  il  the  lij^ht  of  the  star  is  due  to  iLe  luuunuus  vapour 
of  sodium  or  any  other  element  which  gives  rise  to  vibrations  of  definite 
period,  or  it  tiie  light  of  ihc  star  is  absorbed  by  sodium-vapour,  so  as  to 
be  deficient  in  vibrations  of  a  dciniite  period,  tlieu  tlic  lii;!it,  ^^]len  it 
reaches  the  earth,  will  liave  an  aUeied  period  of  vibration,  ulucu  id  Lu  the 
period  of  sodium  us  V  -\-  v  is  to  V,  when  V  is  the  velocity  of  light  and  v  is 
the  velocity  of  approach  of  t!u'  i,[i\v  to  the  ciu  tli.  I'rpial  velocities  of  sepa* 
ration  or  approach  give  equal  changes  of  wave-lengtij. 

§  II.  Description  of  Apparatus, 
A  new  speetroflcope  b  described^  cionsUting  in  part  of  compound  prisms, 
which  gives  a  dispeniTe  power  eqnal  to  nearly  seven  prisms  of  60^  of 
dense  flint  glass.  Various  methods  were  employed  for  the  purpose  of 
ensuring  perfect  accuracy  of  relative  position  in  the  instrument  between 
the  star  spectrum  and  the  terrestrial  spectrum  to  be  compared  with  it 
A  new  form  of  apparatus,  which  appears  to  be  trustworthy  in  this  respect, 
was  contrived.  Many  of  the  observations  were  made  with  vacuum-tubes 
or  electrodes  of  metal,  placed  before  the  object-glass  of  the  telescope. 

§  III.  Observations  (  f  Nehulce* 

The  author  states  that  he  has  examined  satisfactorily  the  general  cha- 
racters of  the  spectra  of  about  seventy  nebulte.  About  one-third  of  thG!5e 
give  a  sj)cctrum  of  bright  lines  ;  all  these  spectra  may  be  regarded  as  mo- 
difications of  the  typical  form,  consisting  of  three  bright  lines,  described 
ia  his  former  papers. 

Some  of  these  ncbulfe  have  been  reexamined  with  the  largo  spectro- 
scope described  in  this  j)aj)er,  for  the  purpose  of  determining  wlu  tlar  any 
of  them  were  possessed  of  a  motion  that  could  be  detected  by  a  change  of 
refraugibility,  m\i\  wIk  thcr  the  coincuience  which  Iiad  been  observed  of 
the  first  aud  the  tlnrd  line  with  a  line  of  hydrogen  and  a  line  of  nitrogen 
would  be  found  to  hold  good  when  subjected  to  the  test  of  a  spreading 
out  of  the  spectrum  three  or  four  times  greater  than  that  uinler  which  the 
former  observations  wore  made.  The  spectrum  of  the  Hu  ;t  Nebula  in 
Orion  was  very  onrt  luUv  examined  bv  several  different  methods  of  com- 
parison of  its  spectrum  with  the  spectra  of  terrestrial  substances* 


Digitized  by  Google 


884 


Mr.  W.  Haggini  on  the  Spectra  of  tkt  Sun,    [May  14, 


The  coincidence  of  the  lines  with  those  of  hydrogen  and  nitrogen  re- 
mained apparently  yicrfect  with  an  apparatus  in  whicli  a  difference  in 
wave-length  of  U'U4(»0  millionth  of  a  millimetre  would  have  been  detected. 
These  results  increase  greatly  the  probability  that  these  lines  are  pmit.te<l 
by  nitrogen  and  hydrogen. 

It  was  found  that  when  the  intensity  of  the  spectrnm  of  nitrogen  was 
diminished  by  removing  the  induction-spark  in  nitrogen  to  a  greater  dis- 
tance from  the  slit,  the  whole  spectrum  disappeared  with  the  exception  of 
the  double  line,  which  agrees  in  position  with  the  line  in  the  nehnlrc.  so 
that,  under  these  circumstances,  the  spectrum  of  nitrogen  resembled  the 
monochromatic  spectra  of  some  nebulfe.  It  is  obvious  that  if  the  spec- 
trum of  hydrogen  were  greatly  reduced  in  intensity,  the  strong  line  in  the 
blue,  which  corresponds  to  one  of  the  lines  of  the  nebular  spectrnm, 
would  remain  visible  after  the  line  in  the  red  and  the  lines  more  refran- 
gible than  F  had  become  too  feeble  to  affect  the  eye. 

It  is  ft  question  of  much  interest  whether  the  few  lines  of  the  spectra  of 
these  nebulae  represent  the  whole  of  the  light  emitted  by  these  bodies,  or 
whether  these  lines  arc  the  strongest  lines  only  of  their  spectra  which  have 
SQCceedcil  in  reaching  the  earth.  Since  these  nebulae  are  bodies  whidi 
have  a  sensible  diameter,  and  in  all  probability  present  a  continuous  lumi- 
nous surface,  we  cannot  (suppose  that  any  lines  have  been  eztingnisbed  by 
the  effect  of  the  distance  of  the  objects  from  us.  If  we  bad  reason  to 
believe  that  the  other  lines  which  present  themselres  in  the  spectra  of 
nitrogen  and  hydrogen  were  quenched  on  their  way  to  na,  we  should  have 
to  regard  their  disappearance  as  an  indication  of  a  power  of  extinctioQ 
residing  in  cosmical  space,  similar  to  that  which  was  surest rd  from  theo* 
teUcal  considerations  by  Chcseaux,  and  was  afterwards  supported  on  other 
grounds  by  Olbers  and  the  elder  Struve. 

It  is  also  shown  that  at  the  time  of  the  observations  this  nebula  was 
not  receding  from  us  with  a  velocity  greater  than  10  miles  per  second; 
for  this  motion,  added  to  the  earth's  orbital  velocity,  would  have  caused 
a  want  of  coincidence  of  the  lines  that  could  have  been  observed.  If  the 
nebula  were  approaching  our  system,  its  velocity  might  be  as  much  as 
20  or  25  miles  per  second,  for  part  of  its  motion  of  approach  would  br 
masked  by  the  effect  of  the  motion  of  the  earth  in  the  contrary  direetioa. 

§  IV.  Observationt  of  Stars. 

A  detailed  description  is  given  of  the  comparisons  of  the  Une  in  Sirius 
corresponding  to  F,  with  a  line  of  the  hydrogen  spectrum,  and  of  the 
various  precautions  which  were  taken  against  error  in  this  difficult  and 
▼ery  delicate  inquiry.  The  conclusions  arrived  at  are : — that  the  sub- 
stance in  Sirius  which  produces  the  strong  lines  in  the  spectrnm  of  that 
star  is  really  hydrogen ;  further,  that  the  aggregate  result  of  the  motiooa 
of  the  star  and  the  earth  in  space,  at  the  time  the  obserratioiii  were  made^ 
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WM  to  degrade  the  refmgibility  of  the  dark  line  in  Siriiu  by  an  amount 
of  wave-length  eqnal  to  0*109  miUionth  of  a  millimetre. 

If  the  ▼docity  of  light  be  taken  at  185,000  miles  per  eecond,  and  the 
w«Te-length  of  F  at  480*50  millionths  of  a  millimetre^  die  obaerred  altera- 
tion in  period  of  the  line  in  Sirins  will  indicate  a  motion  of  reeeiiion 
between  the  earth  and  the  star  of  41*4  miles  per  second. 

At  the  time  of  obaervation,  that  part  of  die  earth's  motion  whidi  was 
in  the  direction  of  the  visual  ray,  was  eqnal  to  a  Telocity  of  about  12  miles 
per  second  from  the  star. 

TAer€  rmtmu  unaecaufUed  fw  a  motton  of  tttumum  fhm  ihe  earth 
ammmUng  to  29*4  mUet  per  eeeand,  which  we  e^ppear  to  he  enHthd  io 
aitriiute  io  Birbu* 

Reference  is  made  to,  the  inequalities  in  the  proper  motion  of  Sirins; 
and  it  is  stated  that  at  the  present  time  the  proper  motion  in  Sirins  in 
decHnation  is  less  than  its  average  amount  by  nearly  the  whole  of  that 
jiart  of  it  which  is  yariable^  which  dreumstance  may  show  that  a  part  of 
the  motion  of  the  star  is  now  in  the  direction  of  the  visoal  ray. 

Independently  of  the  variable  part  of  its  proper  modon,  the  whole  of 
the  modon  which  can  be  directly  observed  by  us  is  only  that  pordon  of 
its  real  motton  which  is  at  right  angles  to  the  visual  ray.  Now  it  is  pre- 
cisely the  other  pordon  of  it,  which  we  could  scarcely  hope  to  learn  from 
ordinary  observations,  which  is  revealed  to  us  by  prismatic  observadoos. 
By  combining  both  methods  of  research,  it  may  be  possible  to  obtsin  some 
knowledge  of  the  real  motions  of  the  brighter  stars  and  nebulae. 

Observations  and  comparisons,  similar  to  those  on  Sirioa,  have  been, 
made  on  a  Ganis  Minoris,  Castor,  Betdgeux,  Aldebaran,  and  some  other 
stars.  The  author  reserves  the  results  until  these  objects  have  been  re- 
examined. It  is  but  seldom  that  the  atmosphere  is  favourable  for  the 
successful  proseeutioD  of  this  very  delicate  research. 

^  V.  Obeervatione  of  the  Sun, 

The  author  has  observed  the  sun  with  three  distinct  objects  in  view : — 

1 .  He  has  sought  to  discover  if  the  spectrum  of  the  light  from  the  less 
luminous  part  of  the  sun  near  the  limb,  differs  in  any  respect  from  that  of 
the  light  from  the  central  parts  of  htt  disk. 

2.  He  hoped  to  obtain  a  view  of  the  red  prominences  visible  during  a 
solar  edipse  by  redudog  the  light  ^m  our  atmosphere  by  dispersion ; 
for,  under  these  circumstances,  if  the  red  prominences  pve  a  spectnim  of 
bright  lines,  these  lines  would  remain  but  littie  diminished  in  brightnesi^ 
and  T:]i<^ht  become  visible. 

His  observations  in  these  two  directions  have  been  hitherto  unsuccessful. 

3.  He  proposed  to  seek  to  gain  firom  an  examination  of  the  spectra  of 
the  umbrae  and  penumbrss  of  solar  spots,  some  information  as  to  the 
nature  of  these  phenomena.  He  has  socoessfully  a])plied  the  large  spec- 
troscope, already  described,  to  the  light  from  the  umbra  of  a  spot. 
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Hifl  olMerrttioiit  are  in  acoocdance  gencfally  with  thote  commnniffrted 
bj  Mr.  Lockyer  to  the  Boyal  Socielj* 

The  author  detcrihes  the  examinatMm  of  a  epot  on  April  ISlh,  184»8* 
He  abows  that  about  three-fourths  of  the  appaient  light  of  the  mnbn 
came  from  that  region  of  the  bou,  and  the  lemeining  fourth  from  the  m- 
tenreniog  illuminated  atmosphere  of  the  earth.  He  oboerred  an  inerease 
of  width  in  most  of  the  dark  lines  of  the  solar  speetrom.  The  lines  C 
and  F«  due  to  hydrogen,  did  not  appear  stronger  in  the  speetnim  of  the 
umbia.  No  new  lines  were  detected,  nor  were  any  of  those  of  the  nomal 
solar  spectrum  observed  to  be  wanting  in  the  spectrum  of  the  light  from 
the  umbra.  No  bright  lines  were  seen. 

Some  of  the  conditions  of  the  solar  surftoe  are  conndered  whidt  the 
phenomena  obserred  may  be  supposed  to  indicate* 

A  cooler  state  of  the  heated  vapours  by  which  the  Unes  of  abooiiition 
are  produced  would  diminish  the  radiation  from  the  gas  itsd^  and  so 
leave  more  completely  uncompensated  the  absorption  by  the  gas  of  the 
li^lit  from  b^nd  it*  Though  in  this  way  an  apparent  incrcaaed  inten- 
sity of  the  dark  lines  would  result,  the  observations  seem  to  suggest  a  state 
of  the  vapours  connected  with  tenmon  and  temperature  in  which  their 
power  of  absorption  for  eadi  line  embraces  an  increased  range  of  wave* 
length.  Some  of  the  condittons  under  which  this  state  of  things  may  be 
brought  about  are  discussed. 

The  absence  of  bright  lines  is  not  conridered  as  condnsive  of  th«  oobh 
plete  absence  of  light  in  the  umbra  from  luminous  gas ;  for  if  there  existed 
in  the  spot  or  above  it  the  same  vaponis  in  a  cooler  states  the  light  woold 
be  almost  wholly  absorbed,  and  the  feebler  emanations  of  the  cooler  vapour 
might  not  do  more  than  render  less  intense  the  dark  gaps  produced  by 
the  vapours  in  the  stronger  lig^t  of  all  refraugibilities  whidi  io  evidently 
present. 

What  is  the  aoufce  of  the  light  in  the  umbra  lAidi  gives  the  oonttnoooa 
spectrum  f  May  the  dense  and  intensely  heated  gaaee,  which  probably 
form  the  inner  substance  of  the  sun,  emit,  in  some  cases,  fines  so  greatly 
expanded  as  to  form,  when  numerous  spectra  are  superposed,  a  sensibly 
continuous  spectrum  7  Dr.  Balfour  Stewart  has  suggested  that,  as  gases 
possess  a  power  of  general  absorption  of  light,  a  heated  mass  of  gas,  if 
sufficiently  dense  to  be  opaque  or  nearly  so,  would  give  a  coatinuoua  spec- 
trum as  weU  as  the  spectrum  of  bright  lines  peculiar  to  it. 

VIII.  "  On  the  Spectrum  of  Brorsen's  Comet,  1868."   By  Wil- 
liam HuoGiNS,  F.R.S.    Received  May  14,  18G8. 

In  January  1866  I  communicated  to  the  Royal  Society  the  result  of  an 
examination  of  a  small  comet  visible  in  the  beginning  of  that  year**  I 

*  Froooodings  of  the  Eojal  Society,  vol.  xv.  p.  o. 
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ex&mineil  the  spectrum  of  another  small  and  faint  comet  in  May  1867. 
The  spectra  of  these  f)l)jerts,  as  far  as  their  very  feeble  light  permitted  them 
to  be  observed,  appeared  to  be  very  similar.  In  the  case  of  each  of  these 
comets,  the  spectrum  of  the  minute  nucleus  appeared  to  consist  of  a  bright 
line  between  B  and  F,  about  the  position  of  the  double  line  of  the  spec- 
trum of  nitrogen,  while  the  nebulosity  surrounding  the  nucleus  and  forming 
the  coma  gave  a  spectrum  which  was  apparently  contiimous. 

Unfavourable  weather  prevented  me  from  obtaining  an  observation  of 
Brorsen'b  comet,  at  its  present  reappearance,  before  April  29.  Since  that 
evening  I  have  cxaniincd  it  ou  May  2,  4,  6,  7,  12,  13.  As  I  have  not 
noticed  any  chans^e  in  its  spectrum  during  this  time,  I  will  put  together 
the  resulta  of  my  observations  on  different  nights,  in  order  to  avoid  the 
repetition  which  would  occur  if  the  observations  were  arranged  in  the  order 
ia  which  they  were  made, 

I  tried  various  spectroscopes  upon  this  object.  The  best  Yiewi  of  its 
spectrum  were  obtained  %nth  a  spectroscope  of  the  form  already  deicfibed 
in  mj  fomier  papers*,  and  furnished  with  one  prism  of  very  dispersifttiliiit 
glMi»  with  ft  idbicting  angle  of  60°.  Some  measures  were  t^en  with  ft 
similftr  ■peetwwcope,  with  two  prisms  of  60^. 

The  eomet  appears  la  the  telescope  as  ft  neerly  foand  nebiilositjy  in 
which  the  light  incKftses  rapidly  towards  the  centre,  where  on  some  oocft- 
sions  I  detei^edt  I  believe,  a  sumII  ttelhir  nndens.  Generally  this  minute 
nadeos  wu  not  to  be  distipgaished  from  the  biight  centni  part  of  the  comet. 


/  a  r. 


I      n  — r 


^#««<.  jl/.-o  1^"  3X»e  J«i"*-  ISCC  Ite4  MM»*  t»0»  t«« 


I  svspected  two  or  three  bright  points  in  the  coma.   May  7,  I  perceiTed 
ft  small  extensitin  of  the  faint  surrounding  nebulosity  in  ft  direction  oppo> 
site  to  the  sun,  so  as  to  form  ft  short  tail. 
The  speetmm  of  this  comet  consists  for  the  most  pert  of  three  bright 

•  FhikMopliiMl  Tnnmction^  1864,  p.  415. 
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bands.  The  length  of  the  bands  in  the  infltnuiieiit  shows  that  tbej  are  not 
due  alone  to  the  stellar  nudeiUi  but  tie  produced  by  tbe  light  of  the 
brighter  portions  of  the  coma. 

I  took  some  pains  to  letm  the  precise  character  of  these  lomiDons  bands. 
IH^hen  the  slit  whs  wide  they  resembled  the  expanded  lines  seen  in  some 
gases ;  for  example,  the  line  F  in  tbe  spectnim  of  hydrogen  at  the  atrao- 
spheric  pressure.  As  the  slit  was  made  narrow  the  two  fainter  bands, 
namely  the  one  in  the  yellow  and  the  one  in  the  blue,  appeared  to  fade  oat 
without  becoming  more  defined.  I  was  unable  to  resolve  these  bands  into 
lines.  In  this  respect  they  are  very  different  from  tbe  bright  linca  of  tbe 
nebulae,  which  become  narrow  aa  the  slit  is  made  narrow. 

The  middle  band,  which  is  so  much  brighter  than  tbe  others  that  it  maj 
be  considered  to  represent  probably  three-fourths*  or  nearly  bo«  of  the  whole 
of  the  light  which  we  receive  from  the  comet,  appears  to  possess  simikr 
characters.  In  this  nebulous  band,  however,  I  detected  occasionally  two 
bright  lines,  which  appeared  to  be  shorter  than  the  band,  and  may  be 
due  to  the  nucleus  itself.  This  suspicion  seems  to  be  strengthened  by  the 
cireumstance  that  when  by  moving  the  telescope  the  image  of  the  conct 
was  made  to  pass  before  the  slit,  these  brighter  lines  were  only  oliiciTed 
when  the  middle  of  the  comet  was  upon  the  slit,  while  the  neboloits  bond 
continued  as  long  as  any  part  of  the  comet,  except  its  extreme  margiii,  was 
upon  the  slit. 

Besides  these  three  bright  bands  there  was  a  very  faint  continuoas  spec- 
trum. This  spectrum  is  omitted  in  the  diagmm,  as  it  could  scarcely  be 
represented  without  making  it  appear  too  strong  rdatiTely  to  the  bi%ht 
bands. 

The  position  in  the  spectrum  of  the  bands  waa  determined  by  micro- 
metrical  measures,  and  also  by  simultaneous  comparison,  of  the  banda  with 
the  bright  lines  of  magnesinm,  sodium,  hydrogen,  and  niln^gon*  The 
brightest  band,  which  is  in  the  green  part  of  the  qtectmiD,  is  nearly  in  the 
position  of  the  brightest  line  of  the  nebulae,  which  eoineidei  with  the  double 
line  of  the  spectrum  of  nitrogen ;  but,  as  the  diagram  shows,  the  band  in 
the  comet  is  in  a  small  degree  leia  fefrnngible  than  the  line  of  nitrogen. 
This  difference  of  refrangibility  cannot  be  attributed  lo  the  oomcC'a 
motion,  since  at  the  time  the  obsenrations  were  made  the  comet  was 
ptoaching  the  earth. 

The  band  in  the  blue  is  considerably  more  refiranf^bla  than  F«  and  is 
nearly  as  refrangible  as  the  group  of  bright  lines  in  the  air-speetras^  which 
have  the  numbers  2642,  2669  in  the  map  and  tables  of  my  paper 
the  Spectra  of  the  Chemical  Elements'*  *. 

The  least  refrangible  of  the  bands  occurs  in  the  jellow  part  of  the  spec- 
trum, at  about  the  distigiee  from  £  of  .one-third  of  the  interral  which  sepa* 
rates  E  from  D. 

The  spectrum  of  this  comet  resembles  the  diagram  given  by  Donata  of 
*  Aatronomiache  Naishrichten,  No.  1488. 
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the  apeetram  of  Comet  I.,  1864*.  The  pontbiu  of  the  three  bands  seen 
by  him  appetr  to  agree  with  those  which  the  bright  bands  of  this  oomet 
occupy. 

This  oomet  difiers  remarkably  from  the  two  small  oometa  which  I  ex> 
amined  in  the  much  smaller  relatiTe  proportion  of  the  light  which  forms  a 
oontinuoos  speetmm*  In  Brorsen's  comet,  as  it  now  appean^  the  bright 
middle  part  of  the  nebulosity  leems  to  have  a  oonstttntion  analogons  at 
least  to  that  of  the  nnclens,  and  to  he  self-lnminons;  in  the  other  comets 
the  coma»  which  surronnded  a  distinctly  marked  nndeas*  gafe  a  continnous 
spectrum.  The  three  comets  resemble  esch  other  in  the  circumstsnoe 
that  the  light  uf  the  bright  central  part  was  emitted  by  the  cometary 
matter,  while  the  surrounding  nebulosity  reBected  solar  light. 

The  telescopic  observations  of  the  heads  of  Uonati's  comet  and  of  other 
large  comets  hsTS  iihown  that  the  luminous  material  is  not  at  once  driven 
off  into  the  outer  portions  of  the  coma  and  the  tail,  but  usually  forms  in 
front  of  the  nucleus  a  dense  luminous  cloud,  which  for  a  time  seems  to  be 
identical  in  the  character  of  its  light  with  that  of  the  nucleus.  It  is,  I 
believe,  the  outer  portions  only  of  the  coma,  which  are  frequently  sepa- 
rated by  dark  spaces  from  the  nucleus,  and  the  taiU  which  the  polariscope 
has  shown  to  shine  by  reflected  light. 

The  positions  of  the  bands  in  this  comet  would  seem  to  indicate  a  che- 
mical constitution  different  from  that  of  the  nebulae,  which  give  a  spectrum 
of  bright  lines.  It  will  be  seen  in  the  diagram  that,  though  the  brightest 
of  the  bands  in  the  spectrum  of  the  comet  differs  but  little  in  posltioii  from 
the  brightest  line  of  the  nebulae,  the  other  bands  are  found  in  parts  of  the 
spectniTu  widely  removed  from  those  in  whicli  the  other  lines  of  tl»e 
nebulae  occur.  The  suggestion  presents  itself  whether  the  brond,  nebu- 
lons  hands  may  iiut  indicate  conditions  of  temperature  and  molecular  state 
dilTereiit  from  those  whieh  occur  in  the  gaseous  nebulre.  Pliicker  has 
shown  that  nitrogen  and  s<Jine  other  substances  give  totally  ditiercnt  'spectra, 
under  different  conditions  of  temperature  and  tension.  The  spectrum  of  this 
comet,  however,  does  not  resemble  thtj  other  spectrum  of  mtrogen,  which 
Pliicker  distinguishes  as  the  spectrum  of  the  iirat  order  f. 

iX«  Memoir  on  'Unde?elopable  Uniqaadric  Homognphies/*'  By 
Maktin  OABDiNBBy  C  Ji.  Commniiicated  by  the  Ber*  K  Towns- 
SND,  F.R.S.   BeceiTcd  April  13, 1868. 

(Abstract.) 

In  this  paper  the  author's  method  of  investigation  is  purely  geometrical 
throughout,  its  arran^'cment  of  details  is  systematic  and  natural,  and  it  is 
divided  into  eight  chapters,  the  first  seven  of  which  are  preparatory  to  the 
consideration  of  the  iuteresting  problem  discussed  at  length  in  the  eighth, 

•  Philosophical  TraiuMtiiMw,  1864,  p.  Ib^ 

t  Ibid.  1866,  p.  9. 
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the  direct,  general,  and  oompkte  aolatkm  of  whieii  it  MentA  to  be  gnea 
in  it  for  the  6  ret  time. 

Chapter  I.,  after  wmie  prelimiiiary  genenl  properticflb  leiiiUing  inune- 
diatelj  from  the  kooira  pfoperties  of  homographic  systems  of  points  mi 
plane  conies,  treats  more  particularly  of  the  simplest  case  of  aodi  cyv- 
teina  on  undevelopable  qnadricSk  m>  of  the  case  of  lystciiis  in  perspective, 
Um  leTcnl  pairs  of  whose  ooffiesponding  conetitoents  possess  manifestly 
the  property  of  interebangednlity;  shows  that  systems  having  three  doable 
points  not  in  the  same  tangent  plane  to  the  quadric  on  wliich  they  lie  are 
necessarily  of  that  class,  except  only  when  they  have  a  fourth  doable  point 
not  in  the  plane  of  the  other  tliree,  in  which  case  they  altogether  coincide ; 
and  gives  simple  instanoea  in  which  the  problem,  whose  solution  is  the 
principal  object  of  the  memoir*  ia  manifeatlj  either  **  wholly  or  putiaQy 
poriamatic^"  as  he  terms  H. 

Chapter  II.  trcata  of  systems  whoae  several  paira  of  eorrcaponding 
points  are  interchangeable  hot  which  are  not  in  penpeetiTa  $  diows  that 
their  aereial  chorda  of  connexion  intersect  the  same  two  reciprocal  lines 
with  respect  to  the  quadrie  on  which  they  lie ;  diows  the  rdatioa  between 
either  syatem  and  the  perspective  of  the  other  to  any  point  on  either  of 
those  lines,  also  the  relation  between  either  of  two  systems  m  per^iectivt 
and  the  perspeetiTe  of  either  to  any  p<mit  conjugate  to  their  centre  of  per- 
apectife  with  respect  to  the  snrftce ;  and  shows  how  to  eonstmet  the  two 
rectprocal  lines  from  two  paira  of  corresponding  points  of  the  systems. 

Chapter  III.  treats  of  systems  whose  semal  pairs  of  correspomfiag 
points  connect  through  a  single  common  linc»  which  have  therefore  an 
infinite  number  of  double  planes  passing  thnmgh  that  line ;  shows  that 
their  several  chords  of  connexion,  besides  intersecting  the  line,  all  tooeh 
a  second  quadric  having  double  contact  with  the  original»  both  at  ita  two 
points  of  intersection  with  the  lin^  and  also  at  its  two  pointa  of  intersec- 
tion with  the  reciprocal  line;  provca  a  property  of  the  cone  enveloping 
either  suriace  from  any  wtez  taken  arbitninly  oo  either  line ,  shows  the 
relation  between  either  system  and  the  perspective  of  the  other  to  any 
point  on  either  line ;  and  ahows  how  to  construct  the  two  redpracal  linca 
from  two  pain  of  corresponding  points  of  the  systems. 

Chapter  IV.  treats  of  systems  having  two  of  their  four  double  planes 
non*tangential  to  the  quadric  on  which  they  lie ;  shows  that  the  diorda 
connecting  their  several  pairs  of  corresponding  points  touch  two  cones  en- 
Tcloping  the  quadric  along  two  planea  oolinear  with  and  harmonically  eon- 
jugate  to  each  other  with  respect  to  the  two  non-tangential  double  planea ; 
proves  that  those  touching  along  a  plane  section  of  either  cone  generate  a 
skew  quadric ;  shows  that  the  two  homographic  systems  determined  by  the 
two  correspondents  in  the  two  systems  of  a  variable  point  on  the  quadric 
ave  of  the  class  considered  in  the  preceding  chapter,  having  an  infinite 
number  of  double  planes  passing  through  the  line  of  intersection  of  the 
two  non-tangential  double  planes  of  the  original  systems ;  and  shows  the 
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relation  between  citlier  system  and  the  perspective  of  the  other  to  any 
point  on  that  line  of  intersection. 

Chapter  V.  treats  of  systems  having  their  four  double  planes  all  tan- 
gential to  the  quadric  ou  which  they  He,  shows  that  the  chorda  connecting 
their  sereral  pairs  of  corresponding  points  touch  two  other  quadrics  liaving 
quadruple  contact  with  the  originai  at  the  four  double  jiomtg  of  the  systems, 
and  gives  vnrious  constructions  for  the  determination  of  the  four  double 
points  when  tiie  law  coonecting  the  several  pairs  of  correspondiag  points 
of  the  systems  is  given  or  known. 

Chapter  Vi.  gives  various  criteria  for  determining  in  certain  cases  to 
which  of  the  preceding  cksses  two  homographic  systems  belong,  where,  as 
in  the  problem  whose  solution  forma  the  principal  object  of  the  memoir, 
the  law  connecting  the  same  pairs  of  correspoiuUng  points  of  the  systems 
is  given  or  known. 

Chapter  VII.  contnins  numerous  theorems,  several  of  much  interest  and 
originality,  respecting  open  aiul  closed  polygons  inscribed  in  undevelopable 
quadrics,  whose  siiles  pass  in  the  same  order  of  sequence  through  a  common 
system  of  points  in  space,  all  deduced  from  the  principles  established  in 
tlie  preceding  chapters,  and  several  having  direct  reference  to  the  interest- 
ing  problem  to  be  considered  in  the  next  and  closing  chapter. 

Chapter  VIII. — Given  an  undevelopable  quadric  and  n  fixed  points  in 
to  find  the  space;  first  extremities  of  inscribable  closed  /i'gons,  or  tlie  locu:* 
of  the  first  extremities  when  the  inscription  of  the  closed  fi'gons  is  poris- 
matic. 

When  the  number  n  of  given  points  is  odd. 

Assume  any  three  points  a,,  b^^  in  the  surface,  no  two  of  which  are  oa 
one  generator,  as  first  extremities,  and  proceed  to  inscribe  2n'gons. 

(1)  If  the  three  points  be  found  to  be  first  extremities  of  closed  n'gona,. 
then  will  the  trace  of  their  plane  be  the  locus  of  first  extremities  of  closed 
n'gons,  the  problem  in  such  case  being  partially  porismatie. 

(2)  If  the  points  are  first  extremities  of  closed  2n'gons,  or  it^  two  of  them 
be  first  extremities  of  closed  2n'gons  and  the  third  one  a  first  extremity  of 
R  closed  n*gon,  or  if  one  of  the  points  be  the  first  extremity  of  a  closed 
2n*gon,  and  the  other  two  points  first  extremities  of  closed  n'gons,  then 
the  line  or  lines  forming  the  closing  chords  of  the  open  n'gons  composing 
the  2n'gon  or  2n*gons  (as  may  be)  and  the  tangent  plane  or  planes  at  the 
first  extremity  or  extremities  of  the  closed  N*gon  or  M*gons  (as  may  be) 
meet  in  one  point  p,  the  trace  of  whose  polar  plane  B  is  the  locus  of  first 
extremities  of  inscribable  dosed  ii*gpn«^  the  problem  in  soeb  case  being  pcr- 
tially  porismatie. 

(3)  If  two  of  the  points  be  first  extremities  of  closed  n*gons  and  the 
third  point  the  first  extremity  of  an  open  2n*gon,  then  the  problem  is  non- 
porismatic,  and  the  two  closed  n'gons  are  the  only  inscribable  closed  ?j'gons. 
Moreover  the  reciprocal  of  the  line  joining  the  first  extremitii  ^j  of  the  two 
closed  fi'gons  will  pierce  the  quadric  in  points  which  are  the  first  extremi. 
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tiesof  iuscribable  closed  2ii'gou8  (real  or  imaginary  acoordiug  as  tlie  ^uadric 
8  is  ruled  or  convex). 

(4)  If  one  of  the  three  chosen  points  be  tin;  first  extremity  of  an  open 
2/i'gon  (no  matter  as  to  the  other  two  points)  the  problem  is  non-porismatic, 
and  wo  ojui  tind  the  first  extremities  of  the  closed  ngOQS  by  either  ot  the 
four  toll(j\vi[ii^  methods: — 

t'trat  method. — Continue  the  2«*gon  until  a  4«'gon  be  formed,  and  draw 
the  plane  P  which  contains  the  extremities  of  this  4«'s:on  and  the  point  of 
junction  of  the  two  open  2/j'gons  composing  it.  Assimic  auoiher  point  in 
the  surface,  not  in  the  trace  of  the  plane  P,  and,  mnking  it  a  first  extremitj, 
inscribe  another  4n*gon  ;  and  through  the  extremities  of  this  4n'cron  and 
the  point  of  junction  of  the  two  open  2«'gons  composing  it  draw  a  jdaac  Q. 
Then  with  the  line  xx  of  intersection  of  the  }ilanes  P  and  Q  pier(^  the 
quadric  m  (he  only  points  (real  or  imaginary  as  m.\\  he)  which  are  first 
extremities  ot  closed  /I'gons  ;  and  the  line  ii  recipriu-u!  to  xx  will  pierce 
the  qnadric  in  })()iuts  (real  or  imaginary  as  may  be)  which  are  lirst  extre- 
uiities  of  closed  2»'gou8. 

Second  method. — By  the  additional  inscription  of  another  open  n'gon 
convert  the  open  2«*gon  into  an  open  o»>on,  and  put  A,  B,  C  to  represent 
the  three  open  n'gons  composing  the  open  o^i  gon.  Find  the  point  of  punc- 
ture of  the  line  through  the  first  extremity  of  A  and  the  final  extremity  of 
B  with  the  tangent-piauc  at  the  junction  of  A  and  B  ;  find  the  poiut  of 
puncture  of  the  line  through  the  first  extremity  ot  li  and  the  final  extre- 
mity of  C  vrith  the  tangent-plane  at  the  junction  ol  B  and  C.  Then  will 
the  line  xj:  tlirdngh  the  two  points  of  puncture  pierce  the  ijuadric  in  two 
points  (real  <  r  iiiiagiuary  ah  may  be)  which  are  the  first  extremities  of  the 
only  inscribable  closed  argons ;  and  the  line  tt,  which  is  reciprocal  to  xx, 
will  pierce  in  first  extremities  of  closed  2/rgon8. 

N.B.  When  S  is  a  hyperboloid  uf  one  sheet,  and  that  the  first  extremi- 
ties of  the  closed  n*gon8  are  real,  then  the  first  extrenuties  of  the  eli  >se  l 
2"'gon9  are  also  real ;  and  it  is  evident  there  are  two  pairs  of  generators 
which  are  corresponding  interchangeable  lines  in  the  homographic  figurt-s 
in  w  hich  the  extremities  of  the  inscribable  ^'gons  are  pairs  of  corresponding 
points.  It  is  moreover  evident  that  when  all  the  corresponding  points  of 
such  figures  are  not  interchangeable,  these  are  the  only  pairs  of  niter- 
chanp:eable  generators ;  and  we  must  not  assume  the  first  extremities  of  the 
4n'gon5  or  3n'gons  in  these  lines. 

Third  method.  Let  o^,  o,,  o^, . . .  o„  be  the  n  fiz^  points  through  which 
the  sides  must  pass  in  order. 

Assume  the  constant  homolugical  ratio  —1  for  humological  system^,  and 
making  o,  vertex  and  its  polar  plane  axis,  find  the  point  a,  homolopu  al  to 
tTie  centre  a,  of  the  quadrie;  assume  o,  as  vertex  aud  its  polar  plane  as 
axis',  and  find  the  point  honiulogical  to  a, ;  and  proceed  thus  directly  in 
order  through  the  n  points  until  arrived  at  the  point  a^-  Assume  as 
vertex  and  its  polar  plane  as  axis,  and  find  the  point  a.i  homological  to  the 
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centre  of  the  quadric ;  assume  o«-i  as  vertex  and  its  polar  plane  as  axis, 
and  find  the  point  a.3  homological  to  a.-\\  and  proceed  thus  in  reverse 
order  through  the  rest  of  the  n  given  points  until  arrived  at  the  point  SE^» 
(the  points  an,  a-^  will  be  distinct).  Draw  the  diametral  plane  which 
bisects  the  chords  parallel  to  the  line  oia^-n  (it  will  also  bisect  clhOl^i^  » 
assume  anj  two  points  in  the  trace  of  this  plane  as  first  extremities^  and 
inscribe  two  n'gons  in  the  quadric ;  through  the  point  On  and  the  final 
extremities  of  these  n'gons  draw  the  plane  A« ;  find  the  line  of  intersection 
n  of  the  planes  A^,  A^,  and  its  reciprocal  srdf.  Then  nill  m»  always  piem 
In  the  two  points  (real  or  imaginary  as  may  be)  whteh  are  the  first  eztremi- 
tiea  of  Ibe  onlj  Inacribable  cloeed  n'gons ;  and  the  Una  U  will  pierce  in  first 
extremities  of  closed  2n*gon8. 

Fomrih  wielkod0 — Find  thepotnts  a-n  and  an  as  in  last  method ;  amma 
any  point  in  tlie  surface  as  first  extremity,  and  inscribe  a  n'gon  whose 
last  extremity  we  may  repment  by  a« ;  draw  the  plane  whidi  eontttoa 
the  line  and  the  point    ;  draw  the  plane  D,  which  contains  the 

a^a^  and  the  point  a«;  in  the  lines  a^a-n  a^a^  find  the  points  m^, 
iuoh  that 


Put  21^,  2^,  to  represent  the  homogmpliio  figures  in  which  the  first  and 
final  extremities  of  inacribable  n'gons  are  corresponding  points.  Regard 

and  as  points  in  2^,  and  find  their  correspondents  in  ;  draw 
the  planes  m,m^ni,,  AjA^A,,  and  find  their  line  of  intersection  xx  and  its  re- 
ciprocal u.  Then  will  the  line  xs  pierce  the  quadric  in  the  only  points 
(real  or  imaginary  as  may  be)  which  are  first  extremities  of  inscribable 
clr'sofl  n'gonfl,  and  the  line  u  will  pierce  in  first  extremities  of  closed 

Moreover  the  planes  m^mjn,,  h^hji^  are  the  only  two  double  planes  of  the 
figures  2^,      which  are  non-tangential  to  the  quadric. 

N.B.  When  the  points  a-n,  an  are  coincident,  the  inscription  of  the 
closed  n'gons  is  partially  porismatic,  and  one  of  the  two  points  which  divide 
cL-nOL^  and  the  diameter  coincident  with  it  hnrnionically  i?  tlie  point  of  con- 
currence of  the  closing  chords  of  all  inscribable  open  n'gon^  and  the  polar 
plane  of  which  passes  through  the  other,  &c. 

When  the  centre  of  the  qundric  is  a  double  point,  then  according  as  all 
the  closing  chords  are  parallels  or  pass  through  the  centre,  so  will  the  locus 
of  the  first  extremities  of  the  closed  n'gous  be  the  trace  of  a  diametral  plane 
or  of  a  plane  at  infinity. 


Aasnme  three  points  0,,  6,,  r,  on  the  snrfaee,  no  two  of  which  are  on 


and  in  the  same  lines  find  the  points  h^.  A,  ^"^^  ^^^^ 


IFAsw  lAe  ftuM^r  n  ofgwem  poimU  if  even. 
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tfaettme  geiMfilor$  and,  iiitldngtlimfiiiicxtiemitiei»pims^ 
2it*goiis. 

(1)  If  then  iiiamed  points  be  fomid  to  be  tot  otiviiiitiei  of  don  J 
ii*goiii»  the  pioblem  Is  Mlj  ponmuitie^  and  e^eiy  point  in  the  initee  «3I 
be  the  fint  extrenity  of  an  inscribeble  doeed  n^gon. 

(2)  If  tiro  of  the  points  be  found  to  be  fint  extmnities  of  cloetd  nTgons 
and  the  other  not.  then  the  Une  Mr  thmgh  these  two  points^  and  tbe  fine 
u  reciprocal  to  pierce  the  qnadric  in  four  points  (the  pnnctmcn  made 
bj  n  being  real  or  imaginaiy  as  nmj  be)  whieh  eonstitate  the  irat  extrean- 
Ues  of  all  theinseribable  doeed  n'gons. 

(3)  If  one  of  the  points  be  the  first  extrsmitjr  of  n  dosed  n*goii»  nnd  an- 
other of  them  be  first  extremity  of  n  dosed  2n'goiu  Draw  thedoaii^ciieid 
of  the  two  open  n^gons  oomponng  the  dosed  Sn'gon  to  pieice  the  tgfii^ 
plane  at  the  fint  extramity  of  the  doaed  n*gon  in  the  pomt  in  tlie  do> 
sbg  diord  find  the  point  /i  whieh  is  oonjngste  to  the  point  of  pnnctme  p ; 
through  ft  and  the  first  extrsmity  of  the  dosed  n'gon  draw  the  line  mm,  and 
find  the  line  U  redprocd  to  dcx.  Then  will  the  lines  Mt  and  m  pierce  the 
quadric  in  the  four  pointa  which  constitnte  the  first  extiemitiea  of  all  the 
inscribeble  dosed  n'gons. 

(4)  If  two  of  the  assnmed  pomts  he  fonnd  to  be  fint  extiemitiea  of  dosed 
2n*gonfl^  we  may  find  tiie  first  extremities  of  the  inseribdile  closed  n^gsos 
by  dther  of  the  four  fiollowing  methods 

FSrwi  meiAod, — ^Draw  the  two  dodng  chords  of  the  open  NTgona  compo- 
sing the  2M*gons ;  and«  if  these  diords  intersect  in  a  pdnt  p,  dmr  tlie  fine 
j»r  which  is  polar  of  pin  respect  to  the  traoeof  the  phue  of  the  two  dunda; 
find  die  line  n  redprocd  to  jsr.  Tlien  will  ear  end  u  pieroe  the  qnadric  in 
the  first  extremities  of  the  dosed  «*g0tts.  Bnt  if  the  chords  do  not  inter. 
sect»  draw  tangent-phnes  at  thdr  extremities  i  find  the  two  pein  of  points 
(one  pair  in  each  diord)  which  diride  these  dodng  diords  and  the  seg- 
ments mteroepted  by  the  tangent-plsnss  harmonieally  i  draw  the  line  ess 
throng^  the  two  of  these  points  wbidi  divide  the  choids  internslly ;  dnw 
the  line  ti  through  the  two  points  whidi  divide  the  diords  externally. 
Then  will  s»  and  U  be  redprocd  lines  pieidng  the  qnsdiie  in  fimr  points 
whidi  aro  fint  extremities  of  the  inscribeble  dosed  n'gons. 

Second  wteikod. — Find  OiO,,  b^bp  CjC,  the  dosing  diords  of  thise  open 
n'gons.  If  any  twoof  these  intersecty  proceed  aa  in  the  last  method;  bnt 
if  noti  proceed  es  foOowi: — ^In  the  chord  find  the  point  a»  wliidi  cor- 
feeponds  to  infinity  (on  the  same  line)  in  one  of  the  homoginphic  fignres 
in  whidi  the  extremities  of  all  ineeribable  n'gons  aro  correqionduig  in- 
terchangeable pomts ;  in  the  same  chord  0^0^  find  the  two  pdntsdr  mid  t 
sneh  that  mesan^  V  ma^ .  wm^ ;  through  dP  draw  the  line  snr  whidi  cuts 
the  two  non>planar  diords  bjb^  e^e^ ;  through  t  draw  the  line  u  which  eala 
the  same  two  non-planar  diorda  6,6,,  e-,c,.  Then  will  Mm  and  ti  be  red- 
procd lines  piercing  the  quadrie  in  the  four  pomts  whidi  aro  the  first  extre- 
mities of  dMsd  n*gons* 
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Third  method, — Draw  a^a^^  bfi^  the  closing  chords  ot'  the  open  n'gons 
composing  the  closed  2n'gon8.  If  these  two  lines  intersect  in  a  point  p, 
draw  the  line  xx  throngh  the  points  in  a^a^  bjt^  wliich  are  liarnionic  con- 
jngntes  to  p  in  respect  to  the  segments  hj)^ ;  fiu  J  the  line  ii  reciprocal 
to  XX.  Then  will  xx  and  it  pierce  the  quadric  in  the  four  points  which  arc 
jfirst  extremities  of  closed  n'gons.  But  if  a,ff,,  6,6.^  do  not  intersect,  then 
tiud  the  final  extremity  c,  of  the  n'gon  having  the  point  as  first  extremity  ; 
and  if  the  line  c^c^  cuts  either  a^a^  or  6,6j,  the  lines  rx  and  ii  can  be  found 
in  the  manner  just  indicated.  If  c^c^  do  not  cut  either  of  the  lines  a^iK^y  ^^ij, 
then  find  the  points  a,,  a,  in  which  a^a^  pierces  the  planes  bjb^c^,  bji^e^ ; 
fiocl  the  points  /J^,  in  which  bji^  pierces  the  planes  o^o^e^t  ^h^J^*  • 
points  which  divide  the  segments  a^a^»  harmoniodly ;  find  the 
pcMiits  k^,  which  divide  the  segments  6^^,,  harmonicallj ;  through 
the  two  points  A,,  k^^  cutting  a^a,,  bjt^  mternally,  draw  the  finedw;  thioogh 
the  two  points  A,,  k^  eating  a^a^  bfi^  ezteraallj,  d»w  die  Bne  ff.  Then 
irin  m»  uid  U  he  fedproeel  lines  pierdng  the  qoedrie  m  the  four  pointe 
which  eve  fint  extmnitieB  of  dosed  n'gons. 

jPoktM  meikod. — Pnt  2|  and  2^,  to  represent  the  homographic  fignics  in 
which  the  fiist  and  final  eztmnities  of  all  imcrihable  n'gons  am  conespond* 
iug  points ;  find  the  point  which  corresponds  in  either  of  the  figmes  % 
2|  to  the  centre  of  the  qnadric  regarded  as  bdoogingto  the  other  fignie ; 
find  the  diameter  d^d^  whkh  oontains  the  points  a^,  a, ;  find  the  points  j»» 
q  wUeh  divide  the  segments  d^d^  and  a^a^  haimonieallf ;  draw  the  phue 
P  which  is  polar  to  point  whhdi  lies  ontside'the  q[nadrie ;  find  the 
point  tfg  whidi  is  final  extremity  of  a  ii*gpn  whose  first  extremity  is  in  the 
trace  of  the  plane  P;  draw«9  the  diameter  ofthe  trace  of  PwhkhhueoUi 
m^a^  (the  pdnt  n,  will  he  in  the  trace  of  P) ;  find  the  Ime  n  redpvocal  to 
aw.  Then  will  ser  and  tt  pieree  in  first  extremities  of  the  four  inserihahle 
closed  n'gons.  But  if  tbeecntie  of  the  qnadric  he  a  double  point  of  the 
fignres  Xj,  Sm  proceed  as  follows : — Inscribe  any  n'gon  in  the  quadric,  and 
draw  the  diameter  aw  which  bisects  its  closing  chord.  Then  will  the  die* 
meter  xx  and  ita  reciprocal  at  infinity  pierce  the  qnadrie  in  the  four  points 
which  are  first  extremities  of  dcaed  n'gons. 

(5)  When  we  can  inscribe  an  open  2n*gon  the  problem  is  always  non- 
porismati^  and  we  can  find  the  lines  xx,  ii  which  pierce  the  quadric  in  first 
extremities  of  the  fimr  dosed  n'gons  by  either  of  the  fi>nr  fdlowing 
methods : — 

First  method. — Put  and  ^„  to  represent  the  homographic  figures  in 
which  the  first  and  final  extremities  of  all  inscribable  n'gons  are  correspond- 
ing points.  In  the  figures  2^  and  find  the  points  o,  and  which  nre 
the  correspondents  of  the  centre  o  of  the  quadric  regarded  as  belonging  to 
the  figures  and  2^^ ;  draw  the  diameter  ror  which  bisects  o,o^ ;  find  the 
line  TjO^r^  in  which  corresponds  to  ror  in  ;  bind  the  line  r'r'  reciprocal 
to  r^r^ ;  througli  the  centre  o  draw  the  diametral  plane  K  which  bisects  all 
chords  parallel  to  ror ;  find  the  points     p  in  which  the  reciprocal  Uoes  r^r^* 
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r'r  pierce  the  plane  K  ;  draw  auy  plane  P  parallel  to  K,  and  through  the 
points  fjL  in  wliich  it  cuts  r,r.  and  rV  draw  lines  pnrallel  to  the  diameter 
rr  to  pierce  the  plane  K  in  pouits  ^' ;  through  the  l  tut  re  o  draw  {^/se 
'  Section  of  Ratio '  of  Apollonius)  the  two  lines  ox^»\  oi^i  so  that 

p^r^  I  px  :  :  /j,t,  : pi' :  :  p,^„  p>' ; 
through  Xj  and  y  draw  lines  parallel  to  rr  to  cut  r/j  and  r'r  in  points  je 
and  .r;  throuerli     and  i  draw  lines  parallel  to  rr  to  cut  r^r,  a!ul  r'r  in  i 
anil  J.    Then  \m1I  the  lines  xx  and  ii  be  reciprocals  piercing  the  tjuadnc  in 
the  ioiir  |Hjnit>  which  are  first  extremities  of  the  inscribnhle  closed  fi'gons. 

Sccfiiitl  tinlhod. —  In  tlie  dosine'  chord  CjC^  of  any  inscribed  njien  w'e-nn 
assume  any  point and  for  the  moment  regard  it  as  n+lth  pitint  oi  a 
scrip*:  having  the  n  fixed  points  a>  first  n  jtoiats;  choose  tour  piunts  6j,  <i,, 
^jf/i  i"  the  snrface  so  that  no  two  of  the  five  c,,  i,,  rfj,  ^i./l  he  on  one  ge- 
nerator; find  the  final  points  h^yd^^  e.,/  of  inscribed  (« -f  l)'goii5i  vrhote 
sides  pass  in  order  through  the  n-\- 1  pouiU,  aud  winch  liavc  h^^  r/j,  e^,/,  as 
first  extremities.  Then  (representing  tangent-planes  at  points  by  capital 
letters  of  like  names,  and  sub^^cript  numbers  as  the  sinall  ones  rcprescului|; 
the  points  ot  contact)  in  the  chord  d^d^  find  the  point  d^  such  that 

in  the  chord  e,e,  find  the  point    such  that 

in  the  chord /j/,  find  tfa«  pointy^  such  that 

/.B,  eA 

(the  points  ^/^,  must  be  so  determiued  as  that  a  r^^a/ tAiigent-pIane  can 
pass  through  either  of  them)  ;  draw  the  {  lane  d  e  J\  and  it  will  touch  the 
quadric  in  a  point  ;  draw  tlie  line  c,ff,,  and  find  the  point  q  in  it  which  is 
conjngate  to  p.  Now  if  we  reLcnrd  the  n  given  fixed  points  and  the  point  q 
as  tlie  rt -h  1  points  of  a  series,  every  point  in  the  surface  will  be  the  first 
extremity  of  a  closed  2(n-|-  O'cron.  Find  (by  last  case)  the  two  reciprocaJ 
lines  yy,  zz  which  pierce  tlie  (juadric  in  first  extremitips  of  closi  d 
l)'gon3  u]u)>e  sides  jiass  in  order  through  these  «-f  1  points  ;  tind  the 
line/j'(/'  reciprocal  to  pj;  draw  the  lines  rx^  ii,  each  of  which  cut's  tiiefour 
lion  planar  lines  r^,  py, /)V/.  Then  will  xx  rmd  n'  be  reeiproeal  lines 
pit  ri  niir  in  four  points  which  are  the  hrst  extremities  ot  the  iuscribabie 
closed  ^j'gons. 

Third  method. — On  the  closing  chord  r,^^  of  any  inscribed  open  /^^on 
assume  any  point/?,  and  regard  it  for  the  moment  as  the  «-}-  1th  point  uf  a 
series  to  which  the  n  fixed  points  belong.  Assume  three  y>oints  i^^  ,  d.,  <», 
in  the  surface  so  that  no  two  of  the  points  e^,  b^,  d^,  <?j  are  on  one  rri-nerafor, 
and  find  the  final  extremities  A,,  d.^,  e.^  of  inscribed  w'gons  having  6,,  d^, 
as  first  extremities ;  draw  the  tangent-plane  Cj  at  the  point  Cj ;  put  D,*  Dg, 
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Ej,  Eg  to  represent  the  Ibiir  planes  djj^c^,  d  b^c^,  e^h^c^,  *2^/i  T^spectively  ; 
through  the  hue  oi'  intersection  of  the  planes  D,,  D,^  draw  the  plane  P  the 
distances  of  any  point  in  which  trom  D^  and  Dj,  have  to  each  other  the 

ralio  of        to       ;  tbroagh  the  line  of  iateraeetion  of  the  planes  E„ 

E,  draw  the  plane  Q  which  is  such  that  the  ratio  of  the  distances  of  any 

6  E       b  C 

point  in  it  from  £.  and     is  the  same  as  that  of        to       ;  find  the  line 

\         ,  5,E,  b,t, 

of  interseciMm  fMMof  the  planes  P,  Q  (this  line  mm  will  be  a  tangent  Co  tlie 
qnadrie),  and  the  point  a,  In  which  it  touches  the  quadrie ;  in  the  Una 
e^a^  find  the  point  q  conjugate  to  p*  Then  if  we  regwd  the  n  given  fixed 
pobts  and  the  point  q  as  n+1  points  of  a  series^  any  pomt  in  the  sorfaee 
will  be  first  extremity  of  a  closed  2(n+l)'gDn.  Findt  hj  t}ie  preceding 
eas^  the  two  redprocal  lines  yy,  sar  which  pieroe  the  quadrie  in  first  extve- 
mities  of  dosed  (a+  l)'gons  whose  sides  pass  in  order  tbroagh  these  1 
points  i  find  the  line  p'q'  reciprocal  to^iji ;  draw  the  lines  and  It  each  of 
which  eats  the  foar  non-plsDar  lines  yy,  m>  pf,  p*q\  Then  will  w»  and  ti 
be  reciprocals  piercing  in  first  extremities  of  the  fonr  Inseribable  dosed 
ii'gons* 

Fimrik  wuthod. — The  foQowing  method  is  applicable  in  all  cases  in  which 
m  is  e?en.  Omit  temporarilj  the  nth  point  Olt^of  the  given  n  points,  and 
find  the  line  U  which  pierces  the  quadrie  in  the  two  first  extremities  of  In- 
seribable closed  (n^l)'gon3  whose  sides  pass  in  order  through  the  n— 1 
points :  find  the  point  f  in  the  line  U  whidi  is  oonjogate  to  the  omitted  iith 
point  On.  Then  if  we  regard  the  n— I  given  points  and  the  point  q  as 
forming  the  n  points  of  a  new  series,  any  point  in  the  surface  will  be  the 
first  extremity  of  a  closed  2n'gon.  Find  the  two  reciprocal  lines  yy,  zz 
which  pierce  the  quadrie  in  first  extremities  of  closed  n'gons  whose  sides 
pass  in  order  through  the  new  series  of  n  points ;  find  the  line  jiy  red- 
procal to  o^g draw  the  lines  xx,  ii  each  of  which  cuts  the  four  non-planar 
lines  fpt  zz,  Ong,  p'q-  Then  will  the  lines and  tt  be  redproeab  piercing 
the  quadrie  in  first  extremities  of  the  four  inseribable  closed  n'gons  whose 
sides  pass  in  order  through  the  n  given  points.  But  if  the  inscription  of 
the  closed  (n— l)'gons  be  partially  porismatic,  and  p  the  point  of  concur- 
rence of  the  closini::  chords  of  the  inseribable  open  (n  —  I  )'jz:ons,  then  will 
the  line  xx  throu;:;h  o,j  and  p,  aiul  tlie  line  ii  reciprocal  to  xx  pierce  the 
quadrie  in  the  tir^t  extremities  of  tlu'  iiiscnliablc  closed  ^rgoiiR. 

N.B.  Aiul  i(  On  be  in  such  case  coincident  with  p,  then  the  jiroblem  is 
fully  porismatic,  and  every  point  in  the  sortace  is  the  first  extremity  of  a 
closed  n'gon. 

N.B.  Wo  mnv  also  observe  that  when  tiic  inscription  of  the  closed 
(n — l)'goiis  16  non-j)orismaiic,  and  that  the  poirit  o„  is  situated  in  the  line 
U,  then,  by  conceiving  q  coincident  wiih  o«the  lines  yy,  zz  will  be  identical 
with  XX  and  ii. 

I  may  observe  that  the  general  problem  can  be  completely  solved  by 
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**  methods  of  reduction/'  amongst  which  the  following  is  perhaps  the  moft 
obvious  and  simple : — 

Let  S  be  the  miadric,  ftud  o^,  o„  Oj, . . .  o„  the  n  ^ven  points.  Putxx 
for  the  hue  through  and  o^.  Instead  of  aud  we  can  substitute  the 
point  in  which  the  line  xx  is  cut  by  the  plane  o.o^o,,  aud  another  point 
j»,  determinable  in  the  same  line  xx.  Then  instead  of  the  four  plauar  points 
p.,,  O3,  0^,  O3  we  can  (see  theorem  38)  substitute  two  other  points  /j^,  in 
tlic  same  plane  ;  and  therefore  instead  of  the  series  of  it  points,  we  can  sub- 
stitute the  serit  .s  ot"  ?<  — J  points  p^,  p^^  o^,  o.,  .  . .  o„  and  the  inscribable 
(n~2)"guus,  closed  and  uptu  as  may  be,  whose  sides  pais  in  order  through 
these  points  will  have  extremities  identical  with  the  extremities  of  inscri- 
bable n'prons.  And  thus  step  by  step  we  can  reduce  the  number  ot  sidw, 
until  at  length  we  finil  three  points  or  font  jioints,  according  as  «  is  odd  or 
even,  such  thiit  tlie  c.vtreniitici  of  all  inscribed  .'i'trons  or  4'gons  whose  sides 
pass  lu  order  throngh  such  points  are  identical  with  extremities  of  inscn- 
babie  n'gons  wlmse  sides  pass  tlirovigli  tlie  etri^irml  n  points  ;  and  therefore 
to  solve  the  problem  all  we  have  to  do  is  to  iu^icribe  the  closed  a'goo^  or 
cl(M)ed  4'gons  as  niay  be. 

And  in  respect  to  this  method  wc  may  observe,— 

(1)  If  any  four  consecutive  points  of  any  of  the  series  be  coliaear  aoJ 
such  as  to  render  the  inscription  of  closed  4'goiiS  real,  wc  may  omit  such 
points  altogether  from  the  series. 

(2)  When  n  is  odd,  and  that  we  reduce  the  problem  to  the  inscriptioo 
of  closed  3'gons  wlmse  sides  pass  through  three  known  poitits,  then  sliouU 
such  points  be  coliaear  or  form  a  conjugate  triad,  the  problem  will  be  par- 
tially porismatic. 

(3)  In  the  case  in  which  n  is  odd,  it  is  easy  to  perceive  how  the  pro- 
blem can  be  reduced  to  the  drawing  of  a  line  through  a  known  point  to  cot 
two  reciprocal  lines  (which  2?oi«^  will  be  on  one  of  the  lines  when  the  pro- 
blem is  partially  porismatic).  And  wlien  n  is  even,  it  is  easy  to  see  how 
the  jiroblern  can  be  reduced  to  the  drawiug  of  the  two  lines  which  cut  two 
pair  of  (determinable)  reci{)rocal  lines. 

(4)  The  following  method  of  finding  the  line  in  the  plane  of  four  points 
which  ])ierces  in  first  extremities  of  closed  4'gon8  is  obTious: — Let  o^,  a^^ 
Oj,     be  the  four  planar  points. 

Find  p  the  point  of  intersection  of  the  lines  o^o,,  0,0^ ;  in  the  line  o^<s 
find  the  point  m  such  that  0^0^,  mp,  and  the  pair  of  (real  or  imaginary) 
points  in  which  0|0,  pierces  the  quadric,  will  form  an  involution ;  in  the  line 
o  O4  &iid  the  point  n  such  that  the  pairs  of  points  0,0^,  pn,  and  the  points  ia 
which  O3O4  pieces  the  quadric,  form  an  involution.  Then  will  the  line  wm 
pierce  in  first  extremities  of  dosed  4'gocfi. 
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May  28, 1868. 

Lieat.-Geiienil  SABINE,  Presideati  in  the  Chair* 

The  following  commiiiucationg  were  read 

I.  ''A  Compariflon  of  the  Rew  and  Lisbon  Magnetic  Curves 
during  the  Magnetic  Storm  of  February  2(%-25,  1866/'  By 
Sculior  1.  Bkito  Capello,  of  the  Lisbon  Obscrvutory.  Com« 
municated  by  B.  Stewart.    Received  April  18,  1868. 

Daring  the  20th,  21st,  23id,  24th,  and  25th  of  February  1866,  large 
magnetic  dislurbsnccs  were  recorded  hy  the  magnstographs  at  the  Lisbon 
and  Kew  Observatories. 

As  thcie  indicate  several  appreciable  deviations  from  the  normal  types, 
X  trust  a  description  of  them  may  be  not  without  interest  to  the  Boyal 
Society.  Dr.  Stewart,  Director  of  the  Kew  Observatory,  has  kindly  sent 
me  copies  of  the  Kew  magnetio  carves  daring  these  disturbances. 

In  order  thoroughly  to  ascertaio  the  laws  governing  the  forces  which 
disturb  the  ordinary  magnetie  condition  of  the  glob^  we  should  reduce 
in  a  systematic  manner,  sueh  as  Gtoieral  Sabine  has  so  ably  pursued,  the 
observations  made  at  a  number  of  stafeionib  and  then  elasrify  and  discuss 
the  valuable  results  so  obtsined. 

Nevertheless  the  present  communication  relative  to  the  disturhanecs  ob- 
served at  two  stations  offers  some  interest,  on  account  of  the  apparent 
variability  of  the  forces  which  are  in  action  during  the  same  disturbance 
and  also  the  apparently  variable  relations  between  these  foraes  at  Lisbon 
and  the  same  foroes  at  Kew. 

In  a  former  comparison  made  between  the  magnetic  curves  of  Kew  and 
Lisbon  (Proceedings  of  the  Royal  Society,  No.  60),  it  was  established 
that  at  Lbbon,  during  disturbances,  the  vertical  foree  and  the  declination 
carves  were  ittoariabfy  opposed  to  each  other,  t.  e.  a  etmeave  wave  of  one 
of  the  curves  always  corresponded  with  a  similar  convex  one  in  the  other ; 
or,  in  other  words,  an  augmentation  of  the  vertical  force  agreed  with  an 
horisontal  movement  of  the  north  pole  of  the  bar  towards  the  east,  and  a 
diminution  of  the  same  component  to  a  movement  of  the  north  pole  to 
the  west. 

This  genera]  law  applied  both  to  the  large  and  slow  movements  (waves), 
and  the  short  and  rapid  ones  (peaks  and  hollows). 

However,  there  were  some  very  rare  instances  in  which  this  law  did  not 
altogether  hold  good.  In  these  cases,  although  the  peaks  and  waves  were 
reproduced  in  the  two  eurves  in  inverted  order,  yet  the  whole  of  the  one 
curve  for  some  period  did  not  assume  the  inverted  form  of  the  other 
curve. 

The  periods  of  disturbance  which  are  the  objects  of  this  discnasion 
belong  to  these  ahnomial  types. 
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In  the  paper  quoted  above,  the  authors  have  also  shown, — 
1st.  That  all  the  small  peaks  in  the  Kew  curves  are  simultaneously  re- 
produced in  the  Lisbon  curves  in  tlie  same  sense  in  the  dcdinadiMi  and 
bifilar,  but  in  a  contrary  direction  in  the  vertical  force. 

2nd.  That,  generally,  all  the  waves  of  the  declination  and  bifilar  at  Kew 
were  reproduced  in  the  correapoudiD|;  Liabon  conres,  aometimes  more  or 
less  disfigured. 

3rd.  That  in  the  generality  of  cases,  with  the  exception  of  peaks  and 
hollows,  in  which  they  arc  opposed,  the  vertical-foroe  cunrea  of  the  two 
atations  do  not  resemble  each  other. 

Let  us  now  see  if  these  laws  are  confirmed  in  these  disturbances. 

First  Dishtrbance.—Th'i'^  series  of  disturbances  commenced  at  Lisbon, 
February  20th  IG'*  12'"  G.  M.T.,  by  a  sudden  increase  of  the  declination, 
and  an  enormous  diminution  of  the  vertical  force.  The  horizontjd  force 
likewise  decreased  raj)idl\  ,  hut  UV"  later  (1 25")  :  this  is  noteworthy. 
However,  the  three  elements,  and  especially  the  bomontal  force,  had  been 
somewhat  disturbed  5inre  10''  27'"  G.  M.T. 

It  is  noticeable,  in  the  larprp  fliminution  of  vertical  force,  that  although 
the  curve  in  descenfliTit;  ran  oti  rlic  edge  of  the  paper,  we  ain  fix  the  point 
of  minimum  (approximately ),  which  p:iv('s  us  a  little  more  than  0*1 
(English  units)  as  the  value  of  the  disturbance.  The  increase  in  declina- 
tion was  nearly  a  degree  (59''3),  and  the  diminution  of  horisontal  force 
0*052  English  luiits. 

This  last  diminution  coniii  i  need,  as  we  have  before  stated,  13""  later  than 
the  other  disturbfinces  ;  and  tVic  time  of  minimum  is  also  6™  to  8"  after 
the  corresponding  points  of  dechnation  and  vertical  force. 

In  other  respects  the  remai^iinf^  wnvp^  of  thf  horiaontal  force  do  not 
agree  with  those  of  tltc  (.Inclination  and  vertical  force. 

The  Kew  curves  agree  tolerably  well  with  the  Lisbon  curves,  up  to  iht 
time  of  the  large  and  rapid  movetncnts.  Here  it  appears  that  the  large 
movements  of  the  tliree  instruments  were  of  the  snme  nature  as  the 
Lisbon  ones;  and  it  is  very  po.«sihIe  that  the  large  variations  were 
more  conaiderabie  and  rapid,  since  they  failed  to  record  their  traces  on  the 
paper. 

These  large  movements  seem  to  have  begun  in  the  three  instruments  at 
Kew  nt  the  same  time  (IC^  30"*"),  at  which  time  the  LiabondedinatioiiaiMi 
vertical  force  Imil  (leviated  to  lialf  llicir  full  extent. 

The  small  peaks  are  reproduced  at  the  two  stations  at  the  same  abaoklte 
time,  the  two  rertical  force?  being  always  in  opposite  directions. 

The  first  period  of  this  disturbance  seems,  therefore,  to  be  of  the  same 
nature  in  tlie  two  ptntioti^,  i.  e.  the  difltmrbiiig  forces  have  acted  on  the 
three  instruments  in  a  similar  manner. 

iSecond  Disturbance. — Let      now  pass  to  the  second  period. 

The  large  movements  have  ceased,  but  the  horizontnl  force  remains  too 
low,  and  in  continual  vibration.    Towarda.2''  and  3**  of  the  21st  of  February 
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we  may  take  as  tbe  recommeaoemeiit  of  a  second  period^  which  termiDated 

about  7  p.  M. 

In  the  Lisbon  declination  we  see  at  the  beginning  and  end  of  this  period 
two  similar  undulations,  each  about  half  an  hour  in  duration,  and  almost 
regular.  In  the  middle  there  are  smaller  waves,  interrupted  bj  peaks  and 
hollows.   The  diminution  of  declination  is  not  remarkable. 

In  the  vertical  force  we  have  the  same  waves  in  a  contrary  direction  to 
the  declination ;  but  the  ascending  branch  b  in  one  instance  greater  than 
the  corresponding  descent  in  tbe  declination.  A  similar  difference  may 
be  noticed  in  the  last  wave  but  odc,  by  which  it  happens  that  the  vertical- 
foroe  carve  shows  an  Increase  of  force  during  two  hours  and  a  half,  without 
a  corresponding  decrease  of  the  declination. 

Tbe  horizontal  force  retained  its  position  below  the  mean  until  3**  20*", 
when  it  descended  further  till  4*" ;  then  it  ascended  suooessively  till 
where  it  stopped  very  nearly  in  its  normal  position. 

We  will  uow  discuss  the  Kew  curves.  The  declination  has  been  greatly 
disturbed  by  large  deviations  above  and  below  its  normal  position,  a 
general  decrease  of  declination,  however,  taking  place  during  more  than 
three  hours  of  great  disturbance. 

The  needle  has  oscillated  40'  in  arc,  while  the  Lisbon  oscillations  have 
not  exceeded  8'.  Some  movements  seem  to  agree  with  Lisbon  ones, 
others,  on  the  contrary,  disagree  entirely ;  and  even  in  those  movements 
which  correspond,  some  differences  of  time  are  appreciable,  which  cannot 
be  due  to  error  in  the  time-scale. 

The  vertical  force  at  Kew  increases  rapidly  from  2*'  35"*  to  3*  50"  ;  a 
period  of  fluctuations  then  follows  up  to  5**,  after  which  the  curve  rapidly 
descends  irregularly  to  tbe  end. 

The  Kew  vertical-force  curve  only  agrees  with  the  Lisbon  curve  in  the 
general  aspect  of  the  disturbances,  the  period  of  greatest  increase  lasting 
but  1M5",  while  at  lasbon  it  was  2''  10". 

It  should  be  also  remarked  that  the  vertical  force  does  not  agree  in  the 
slightest  with  the  honsontal  force  at  Kew. 

The  horizontal  force  at  Kew  seems  to  follow  the  inverse  direction  of 
that  of  Lisbon,  and  its  general  form  resembles  that  of  Lisbon  inverted. 
After     30"  the  waves  appear  to  agree. 

Thus  we  see,  in  the  same  disturbance,  two  periods  at  an  interval  of  some 
hours,  which  show  their  relations  at  the  two  stations  to  be  of  an  entirely 
different  nature. 

In  the  6rst  period  the  three' instruments  agree;  in  the  second,  the 
horisontal  components  differ,  and  all  similarity  is  wanting  in  the  vertical 
force  and  declination  during  the  greater  part  of  the  total  duration. 

A  long  calm  period,  46**  in  duration,  followed  these  large  disturbances  ; 
during  which  the  series  of  small  peaks  and  hollows  were  reproduced  iu  the 
three  curves,  chiefly  in  the  morning  ( 1  z''  to  21^)  of  the  21st  and  22nd  days. 

TAird  DUturbanee.-^AnoHiei  disturbance  commenced  about  6^  on  the 
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23rd  of  Febnitiyt  wludi  laited  op  till  12^  SdF.  Tbe  horimtd  foice  wa« 
ID  motkm  irom  3^  50*. 

Hie  genenl  wppmnm  of  thii  dvtnrboiioe  afc  Uibon  ii  a  loige  decretie 
of  dediiiAdoii  ud  horiioiital  foroe«  tod  an  incfcuo  of  wcicil  font  for 
some  hours. 

It  Is  noftewortlij  tliat  the  wms  in  the  lisbon  eurtm  are  dean  and 
nnuided  in  the  dedination  and  rertiea]  Ibree.  The  Keir  cnrfes  show  also 
fewer  peeks  end  hollows  than  daring  the  former  distnrhanecs. 

At  Idsbon  tins  genersl  rale  is  found  to  eiist  i  the  declination  distnvfaanoe 
is  opposite  in  direetion  to  the  vertiesl  force.  The  derJinstion  curre  agrees 
Teij  well  with  the  Kew  cnr? e ;  the  variations  of  the  latter  are  larger,  as  is 
Qsiisl.  There  is  one  remarkable  ciieumstanoe,  the  first  shwIbwi  (6^  33^) 
happens  6"  or  7"  before  Kew,  the  other  aiaeMMi  and  mwdmn  agrees  with 
tbe  exception  of  veiy  small  diflereaoM^  which  maj  be  attiiboted  to  the 
diffienlly  of  determining  precisclj  the  eztieme  points  of  the  lisbon  eorvc^ 
on  aoeount  of  theb  roundness. 

The  tertical-foree  eurres  show  a  general  sfanilarity,  bat  the  eonnexxm 
between  the  dilforent  phases  is  not  seen.  It  is  remarkable  that  the  general 
form  of  the  Kew  vertical-force  curve  has  a  great  likeness  to  the  Lisbon 
horisontal  fotec^  but  in  an  inverted  order,  aUhoogh  the  extreme  opposite 
points  of  maxima  and  minima  do  not  ooeur  at  the  saaae  time. 

The  horisontal-foroe  curves  agree  ver^  well  up  to  3^;  after  this  time  It 
is  easQy  seen  that  the  Kew  enrve  agrees  almost  exactly  with  the  Lisbon 
vertical  force. 

Fomrik  DUinrbmiee, — ^Two  less  Important  periods  follow  this  period, 
which  terminate  about  15^  on  the  24th  s  after  ten  hours  of  oompankthe 
calm  the  magnets  ere  sgain  set  In  motion  at  Lisbon,  by  a  deviation  of  the 
hoiiiontal  force  and  dedination  and  a  depiessioain  the  vertical  ftsoe^  about 
1^  45*  on  the  25th.  This  distnibanoe  ii  composed  of  three  large  isaeet, 
much  agitated*  and  full  of  peak$  9nA  hollows»  or  serrated. 

At  the  first  glance  we  see  immediatdy  that  the  general  tiait  of  the 
disturbanoe  is  identical  at  Kew  and  Lisbon,  t.  e.  the  di^^rent  phases  of  the 
three  instruments  agree  with  one  another. 

The  Kew  curve  generally  agrees  with  the  Lbbon  one,  although  several 
periods  are  move  developed,  particularly  some  waves  between  5^  30*  and 
9^  more  developed  at  Kew.  The  horisontal-force  curves  also  egree ;  but 
it  must  be  remarked  that  the  waeet  (between  5^  30*  and  9^X  ^hidi  are 
moat  developed  at  Kew  in  the  declination,  are  less  developed  In  the  hori- 
sontal force  than  at  Lisbon. 

Hie  two  verticsl-foroe  curves  generally  agree  i  but  die  phases  at  Kew 
are  m  advance  of  those  at  I^^bon.  The  small  peah  (those  whieli  can  be 
identified)  are  inverted  and  simnltaneoos.  It  Is  also  noteworthy  that  the 
first  vertical-force  movement  at  Kew  is  opposite  to  that  at  Lbbon. 
'  The  vertical*foree  Usbon  curve  is  greater  In  its  movements  than  the 
deelination,  and  consequently  deviates  from  the  general  law. 


Digitized  by  Google 


1868.]  Mr.  C.  Tomliason  &n  SiqterMturated  Saline  8'jluHom.  408 


Thus  we  sec  that  the  same  periods  of  certain  disturbances  are  mani- 
fested very  differently  in  two  stations  so  near  each  other  as  Kew  and 
Lisbon.  The  modification  is  the  greatest,  particularly  in  the  periods  which 
depart  from  the  general  rule  at  Lisbon,  and  are  doubtless  also  abnormal 
at  Kew. 

From  the  examples  here  quoted,  it  is  evident  that  a  great  vahie  would 
be  attached  to  the  curves  from  another  intermediate  station ;  for  the  little 
vertical,  force  peak*  and  hollows,  being  opposed  at  Lisbon  and  Kew,  it 
would  be  very  interesting  to  see  if  these  peaks  would  be  wholly  or  nearij 
absent  at  some  intermediate  station. 

With  a  certain  number  of  these  magnetographs  very  discreetly  placed, 
we  may  one  day  aniljxe  the  different  forces  acting  on  the  needle  in  the 
different  places  on  the  earth — ^a  manifest  desirability. 

IL  ''On  Supersatarated  SaUne  Solutions.''    By  Charles  Tom- 
UN80N,  F.B.S.   Beoeived  April  21,  1868. 

(Abstract.) 

Tliis  memoir  is  divided  into  six  }>nrt8.  The  first  part  contains  a  (li  fini- 
tion  ot  the  subject;  the  scronf/  an  historical  sketch;  the  third  is  on  the 
action  of  nv.cl>u  in  indueiriLr  1 1  vsf allizfi' loii,  and  the  effect  of  low  tempera- 
tures on  a  number  of  snp<  r.>;Ltiu  iittn!  solutions  contained  m  chemically  clean 
vessels  ;  the  fourth  is  on  the  lormation  of  a  modiliLMl  salt,  as  in  the  case  of 
ziiK  o-siilj)hate  and  sodic  sulphate  ;  the  fifth  contains  an  inquiry  as  to 
vihitlaT  aaliydrons  salts  form  supersaturated  solutions;  and  the  tixth  and 
last  part  is  a  summary  with  a  classified  list  of  tlio  salts  examined. 

1,  Defnition. — When  water  at  a  higli  temperature  is  saturated  with  a 
salt,  and,  on  being  k  ft  to  cool  in  a  closed  vessel,  retains  in  solution  a  larger 
quantity  of  the  salt  than  it  could  take  up  at  the  reduced  temperature*  the 
solution  is  said  to  be  snperj^nturatcd. 

2.  History. — Daring  many  years  the  phenomena  of  supersaturation 
were  studied  with  reference  to  solutions  of  (ilanber's  salt.  In  I  HOD,  Ziz  of 
Mayence*  showed  that  the  sudden  crystallization  nf  tliese  solutions  i?  not 
due  tu  aLntatinn  ;  tlinf  the  vessels  containing  the  solutions  do  not  reqinre  to 
be  hernu  tieaily  sealed;  but  if  put  under  a  bell-gla?s,  or  loosely  covered  as 
with  a  cap*!ule,  they  can  be  preserved  during  a  long  tmie  ;  that  solids 
brought  into  contact  with  the  solutions  act  as  nuclei  and  produce  instant 
crystallization,  but  that  such  solids  act  best  as  nuclei  when  dry ;  if  wet  or 
boiled  up  with  the  solution  they  become  inactive.  The  most  efficient  nu- 
cleus is  a  crystal  of  the  salt  itself.  Air,  if  artificially  dried,  ceases  to  be  a 
nucleus.  Three  varieties  of  the  sodic  sidphate  are  noticed,  /.  e.  the  anlnj' 
drous  and  the  ordinary  XQ^atom  hydrate,  and  also  a  peculiar  salt  j'onnod 
when  supersaturated  solutions  in  closed  ressels  are  left  to  cool  down.  This 

*  Schweigger,  *  JouniiV  1^1 5»  ^oL  xv. 
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X  salt,  as  it  is  termed,  cootains  less  water  of  crjstaliization  than  the  ordi- 
nary salt,  and  is  more  soluhle.  If  the  vessel  in  which  it  is  formed  be  sud- 
denly opened,  or  the  mother-liquor  touched  with  a  nucleus,  the  mother- 
liquor  instiintly  solidifiei  into  the  lO-atom  hydrate,  and  the  x  crystak  be- 
come opaque,  like  the  boiled  white  of  an  egg. 

In  1819  Gay-Lussac*  referred  the  state  of  tapersatnration  to  tho  inertia 
of  the  saHne  moleeiiles»  the  mokoular  condition  of  the  sidea  of  the  weid, 
and  other  causes.  He  also  showed  that  solutions  of  some  other  salts  exhi- 
bit the  phenomena  of  supersaturatlon.  In  1832  the  number  of  such 
salts  was  shown  by  Dr.  Ogdcut  to  be  not  less  that  twen^<«ne. 

In  1825  Faraday  I  published  some  ezperimenti  on  the  supersaturated 
solutions  of  G]auber*i  salt.  Graham  fi  Turner  ||,  Ure,  and  others  alao  con- 
tributed new  facts ;  but  the  most  elaborate  inquiry  was  by  M.  Lowd 
between  the  years  1850  and  1857>  the  results  of  which  are  contained  in 
six  memoirslf.  According  to  this  writer,  the  ordinary  10«atom  sodic  sul- 
phate increases  in  solubility  from  33^  to  93^2  F.,  at  which  ktter  tempera- 
ture it  begins  to  fuse  in  ita  water  of  crystallitatioB,  and  to  deposit  the  an- 
hydrous salt.  This  sslt  follows  an  inTCfse  order  of  solubilify  as  compared 
with  the  10-atom  hydrate,  its  solubility  dimimshmg  as  the  temperature 
rises;  or,  what  is  the  same  thing,  from  218^,  the  boiling-point  of  a  satn- 
rated  solution,  down  to  64®  the  solulnlity  inereasci  i  but  at  64®  the  sohitioB 
nndergoes  a  new  molecular  modification,  and  begms  to  form  eiyatab  of  the 
7-atom  hydrate  (the  «  salt  of  Zia).  This  salt  is  much  more  soluble  at  or> 
dinary  temperatures  than  the  10-atom  hydrate,  its  maximum  aolubili^being 
at  80®*6.  Thus  the  sodic  sulphate  haa  three  maxima  of  sduUKlj  t  lib 
93°-2  when  it  ia  under  the  molecular  constitution  of  the  10-atom  hydrate, 
78^  8  to  80®'6  when  it  is  under  the  molecular  constitution  of  the  7-«tom 
hydrate,  and  62^*6  to  64®*4  when  it  is  nnder  the  molecular  conatitntioQ  of 
the  anhydrous  salt.  At  these  three  maxima  the  saturated  solutiona  are 
about  equally  rich  in  salt.  The  7-atom  hydrate  and  the  anhydrous  salt 
can  only  maintain  their  molecular  constitution  when  in  contact  with  the 
mother-liquor  in  closed  Tcssels,  in  which  they  are  sheltered  from  the  air 
and  from  other  bodies  that  act  upon  them  as  nuclei.  No  sooner  are  lii^ 
exposed  to  the  air  than  tliey  become  opaque  and  warm,  and  assume  the  mo- 
lecular constitution  of  the  lO-atom  hydrate  as  well  as  its  solubility.  Hence 
the  conclusion  is  that  supersaturated  solutions  of  the  soiHc  sulphate  are  not 
really  so,  since  they  hold  a  salt  of  much  greater  solubility  at  ordinary  tem- 
penitures  thau  the  normal  10-atom  salt.  Lowel  extendi  his  inquiry  to 
sodic  carbonate  and  magnesia  sulphate^  and  endeayours  to  show  that  iu  their 
supersaturated  solutions  salts  of  a  lower  degree  of  hydration  and  of  greater 
solubility  than  the  normal  salts  are  formed;  and  his  general  conclusion  ia 

*  Annalfit  de  Chimie  et  de  Phyaiqae,  2nd  ter.  toI.  xi.  t  Bdiab.  New  RiO.  Jonva. 
t  Quarterly  Joarail  of  Science,  toL  xix.  f  TVani.  Boy.  See.  Sdfaib. 

It  KloineuU  of  Chemistry. 

\  Anoiaet  de  Chimie  ci  de  rhyuqiic^  3rd  ser.  Toli.  xxii.,  uxiiK,  xizvii.,  xliti*,  mUx^  xlis. 
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that  all  eases  of  supenatiiiatioii  an  in  appeafance  only,  and  not  in  fact. 
As  to  the  function  of  nnclei  and  the  inner  sides  of  the  flasks  in  detenni- 
ning  crystallization*  he  regards  it  as  the  eStd  of  one  of  those  mjsterioni 
eontact  actions  known  as  eatalyiie,  of  nhieh  science  has  not  yet  been  able 
to  give  a  satisfactory  explanation.  Bodies  that  appear  to  be  actiTe  in  indu- 
cing crystallisation  are  designated  as  eaiafyHe  or  dynamie,  while  bodice 
that  are  apparently  inactive  are  termed  no»-ca/a/yfie  or  adynamie*  "It 
appears  certain,"  he  says,  "that  but  for  the  mysteriona  action  which  the 
air  and  other  bodies  exert  on  supersaturated  solutionsi  we  should  obtain 
sulphate  of  soda  only  in  the  modified  state ;  that  is,  crystallised  with  seven 
equivalents  of  water,  and  possessing  at  ordinary  temperatnzea  of  the  air  a 
much  greater  solubility  than  that  of  the  normal  lO-atom  salt." 

Later  inquirers  have  endeavoured  to  explau  the  nature  of  the  force  ex- 
erted by  nndei  in  inducing  crystaUiaation  nnder  certain  conditions,  and 
their  passivity  nnder  others.  Getne^  tried  no  less  than  220  lolide,  and  of 
these  he  seleeted  39  that  were  active  in  indndng  Cfystalliiationi  18  were 
insohible;  these  were  caieftiUy  washed  in  distilled  water,  and  dried  out  of 
contact  with  air.  When  dry  they  were  found  to  be  without  action  on  the 
solutions  ihey  had  previously  caused  to  ctystallize.  The  21  solnble  snb- 
Btances  were  purified  by  recrystallization,  and  they  all  became  inactive. 
Hence  it  is  concluded  that  sulphate  of  soda  is  the  only  nucleus  for  solutions 
of  the  same  salt.  That  is  to  say,  whenever  a  glass  rod  or  other  body  acts 
ns  a  nucleus,  it  is  contaminated  with  minute  portions  of  the  salt  itseU^  which 
H.  Gemes  believes  to  exist  in  the  air,  not  only  of  towns^  but  in  the  country. 
According  to  this  view,  the  supersaturated  solution  of  any  other  salt  can  only 
be  crystallized  by  a  saline  nucleus  of  its  own  kind.  But,  as  M.  Jeannelf  has 
pointed  out,  if  this  theory  be  true,  we  must  have  floating  in  the  air  speci- 
mens of  all  kinds  of  salts  that  form  supersaturated  solution^  andctystalliie 
by  the  introduction  of  a  solid  nucleus ;  whereas  there  are  some  such  salts 
which  cannot  exist  in  the  presence  of  the  oxygen  or  of  the  ammonia  of  the 
nir.  M.  Jeannel  shows  that  a  few  drops  of  an  ordinary  solution  of  a  salt 
will  induce  crystallization  in  a  supersaturated  solution  of  the  same  salt 
with  r  ut  contact  of  air. 

3.  Os  the  Action  of  Nuclei,^Vfkh  respect  to  the  action  of  nuclei  OH 
saline  pnpcrsatorated  solutions  generally,  the  author  refers  to  a  theory  of 
his  I  which  seems  to  account  for  the  liberation  of  gases  from  their  super- 
saturated solutions  (soda*water,  seltzer-water,  champagne,  &c)  when  a 
solid  nucleus  that  had  been  exposed  to  the  air  is  immersed  in  them ;  while 
such  nucleus  becomes  inactive  if  kept  long  in  water,  or  passed  through 
flame  &c.,  and  dried  or  cooled  out  of  contact  with  air.  The  action  of 
nuclei  is  referred  to  adhesion.   Nnclei  are  active  in  inducing  crystallization, 

*  Comptes  Rendus,  vol.  Ix,  p.  883.  A  sfanilar  method  wu  adopted  by  BebUT,  Aan. 

derChem.  und  Pharm.  vol.  cxLp.68. 
t  Ann.  dcCtiim.  ct  dcPliys.  4th<«er.voLfi.p.l66;  and Comptet  Rendiu,  Jan. 1868. 
t  Phil.  Mag.  July  and  August  mj, 
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or  tlicy  are  inactive,  according  to  the  state  of  chemical  purity  of  their  sur- 
faces. In  the  case  of  n  supersaturated  saline  solution,  the  sides  of  the 
vessel  may  act  as  nuclei,  or  any  solid,  and  sonic  liquid,  bodies  brought  into 
contact  with  it.  Now  suppose  the  inner  surface  ot'  the  vessel  to  be  made 
chemicaiiy  clean,  cither  by  well  washing  it  with  strong  sulphuric  acid,  or 
caustic  alkali,  or  spirits  of  wine,  or,  as  often  hapj)cns,  hy  boiling  the  saline 
solution  in  the  vessel  in  wiiieh  it  is  intended  to  be  kept.  In  such  cases 
there  is  perfect  adliesion  between  the  sides  and  the  solution,  and  no  salt  will 
he  liberated  ;  the  siiles  niav  in  tact  be  rejrnrded  as  mcrelv  a  continuation  of 
the  liquid  itself,  and  no  salt  can  be  formed  there  any  more  than  in  the  cen- 
tral parts  of  the  liqnid.  But  suppose  the  sides  to  be  not  chemically  clean, 
to  be  more  or  less  dirty  in  fact ;  in  such  cases  adhesion  is  diminished  or 
destroyed,  and  the  surface  of  the  liquid  next  to  such  sides  is  virtually  as  free 
as  its  upper  surface.  Salt  will  be  deposited  there,  other  circumstances 
being  favourable,  really  from  want  of  adhesion  between  the  side  and  the 
liquid  that  holds  the  salt  iu  solution.  Now  apply  this  to  the  case  of  m 
so-called  "adynamic,"  "  non-catalytic,'*  or  "inactive'*  glass  rod,  or  coin, or 
fragment  of  glass  or  of  flint,  &c.  A  glass  rod  placed  in  the  solution  does 
nothing  more  than  form  new  sides,  as  it  were,  to  the  vessel,  and  its  effect 
is  merely  that  of  the  sides.  If  chemically  clean,  the  rod  will  fonn  no 
crystals  about  it,  and  hence  it  is  "  inactive  "  because  its  adhesion  is  per* 
feet.  If  dirty,  the  surface  of  the  solution  in  contact  with  it  will  be  as  free, 
or  almost  so,  as  the  upper  surface.  It  requires  special  nieaus  to  produce  a 
chemically  clean  surface  ;  and  when  produced,  it  is  not  easjr  to  maintain  it. 
A  short  exposure  to  the  aur,  or  a  more  tonrh,  will  suffice  to  cover  it  with  an 
organic  film,  or  with  motes  or  dust  that  prevent  or  lessen  adhesion  between 
it  and  the  aqueous  part  of  the  solution,  and  apparently  render  an  inactive 
solid  active.  When  a  glass  rod  &c.  has  been  kept  in  water  or  paned 
through  flame  and  dried,  or  cooled  out  of  contact  witli  the  air,  it  is  more  or 
less  chemically  clean,  and  remaina  so  while  being  sheltered.  When  Ziz  found 
a  knitting-needle  active  on  one  solution,  and  by  passing  it  through  the  cork 
which  confined  a  similar  solution  it  became  inactive,  he  flimply  niade  the 
wire  chemically  dean  by  the  friction.  Air  is  not  a  nucleus,  and  when  it 
appears  to  act  as  such,  it  is  simply. as  a  carrier  of  some  solid  particle  not 
chemically  clean.  Hence  narrow-necked  flasks  when  opened  retain  their 
solutions  liquid  lotiger  than  wide-necked  ones,  as  the  former  are  less  likely 
to  catch  xnotes  &c.  from  the  air  than  the  latter.  Supersaturated  solutions 
■re  best  pmerved  by  plugging  the  necks  of  the  flasks  &c.  with  ootton-wool, 
since  in  cooling  down  the  air  is  filtered  in  passing  through  the  plug,  and 
motes  and  dust  arc  thus  kept  back. 

Tubes  made  chemically  clean  by  the  action  of  strong  sulpluiric  acid  may 
be  filled  with  a  strong  solution  of  sodic  sulphate,  and  when  cold  the  tubes 
maybe  placed  in  a  freezing-mixture  at  10*^  F.  without  any  separation  of 
the  salt*  Hence  the  author  differs  from  M.  Lowel's  theory,  which  supposes 
a  molecular  change  to  take  place  when  strong  solutions  of  the  salt  are 
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coolod  down  below  60°.  Supersaturated  solutions  of  various  snltswere  cooled 
down  to  various  temperatures  from  32°  to  0"  F.  without  eri'stnllizinc;.  t^odic 
acetate,  for  example,  wn=  kejit  for  some  hours  at  14^,  when  on  touching  it  ^ 
with  a  wire  it  became  solid,  and  the  temperature  rose  to  101°.  Sodic 
arseniatc,  sodic  succinate,  sodic  borate,  sodio-potassic  tnrtrate,  potash  alum, 
and  other  saline  solutions  were  treated  in  this  way.  Some  of  these  solu- 
tions become  viscid  at  a  low  tenii)emture,  and  do  not  immediately  crys- 
tallize on  removing  tlif^  cottcii-wool  i>ln2;.  If  they  he  touched,  or  the 
side  of  the  flask  scratched  with  a  chemically  clean  wire,  there  is  no  ac- 
tion ;  but  if  the  wire  be  not  cheiiiically  clean,  the  scratches  immediately 
become  chalky  white  by  being  covered  with  minute  crystals  of  the  salt^ 
aud  the  actiou  then  spreads  until  the  solution  becomes  solid. 

Some  salts  that  are  not  very  soluble  in  water,  such  as  the  plumbic 
acetate,  form  highly  charged  supersaturated  solutions,  and  retain  their 
liquid  state  below  ordinary  atmospheric  temperatures.  When  at  a  certain 
point  they  suddenly  solidify.  Other  solutions  merely  deposit  the  excess 
of  salt  above  the  condition  of  superMturation,  leaving  the  mother-liquor 
laturated ;  the  cupric  sulphate  is  an  example  of  this. 

The  memoir  contains  a  number  of  details  respcctinp;  the  action  of  nuclei, 
whether  derived  from  the  air,  from  the  flask,  from  the  salt  itself,  from  the 
filter,  or  the  cotton-wool  used  in  closing  the  vessels.  If  the  solution  touch 
the  wool,  crystallization  immediately  sets  in  ;  or  if  the  upper  part  of  a  che- 
mically clean  tube  be  touched  with  a  finger  slightly  greasy  before  filtering 
into  it  the  hot  solution,  the  latter  will  cool  down  to  the  temperature  of  the 
air  without  crystallizing,  nor  will  there  be  any  effect  if  the  tube  be  inclined 
so  as  to  touch  the  clean  portions  of  the  inner  siirfiicei  but  the  moment  the 
solution  comes  upon  the  edge  of  the  finger-mark,  crystallization  sets  in, 
and  the  solution  l>crornes  solid.  Solutions  not  filtered  that  b^in  to  crys- 
tallize  at  above  lUOi^  in  open  vessels,  or  even  in  closed  flasks,  may  by  filtra* 
tion  be  freed  from  nuclei,  and  so  cooled  down  in  the  latter  to  low  tempera- 
tures without  any  separation  of  the  salt. 

4.  On  the  formation  of  a  modified  salt. — The  readiness  with  which 
sodic  sulphate  parts  with  its  water  of  crystallization,  and  two  or  three  other 
considerations,  make  it  more  than  probable  that  a  ulution  of  sodic  sulphate 
at  high  temperatures  is  really  a  solution  of  the  anhydrous  salt.  But  M. 
Ldwel  supposes^  that  a  supersaturated  solution  in  cooHng  down  below  60*' 
assumes  a  new  molecular  constitution,  viz.  that  of  the  more  soluble  7-atom 
hydrate  which  it  then  holds  in  solution.  The  author  gives  an  experiment 
to  show  that  such  cannot  be  the  case,  but  that  the  solution  continues  to 
hold  the  anhydrous  salt  until  a  portion  of  it  actually  separates*  If  a  boiling 
solution  of  two  parts  salt  to  one  part  water  be  filtered  into  ves^^^rls  made 
chemically  clean  by  being  washed  out  with  spirits  of  wine  instead  of  suU 
phuric  acid,  and  if  these  vessels,  when  cold,  be  pla|^  in  water  at  32°,  or 
from  that  to  40°,  a  few  octohedral  crystals  of  the  anhydrous  salt  will  be 
thrown  down.   The  temperature  will  slightly  rise ;  aud  if  the  tube  be  now 
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iet  aside  in  A  moderately  warm  air,  tlie  anhydrous  salt  will  enter  into  -  lo- 
tion, forming  a  dense  lower  substratum,  from  which  the  7-atom  hjdraie 
will  be  produced  in  small  qimntity,  there  not  be  inu'  sulHcicnt  nnter  present 
to  form  the  ordinary  10-atom  salt.  Tht-  rest  of  ihv'  solution  is  &till  sapcr- 
latwated,  and  if  the  i)lug  be  removed  from  the  vessel,  crystalli'/ation  w  ill 
set  in  from  the  surface  and  proceed  rnpitlly  downwards,  carrying  down 
enough  water  to  convert  the  whole  solutioQ*  as  wcU  as  the  /-atom,  into  the 
10-atom  hvdrate. 

This  process  nmv  bp  conveniently  wntclicd  in  the  case  of  the  zinc  sul- 
phate. ^Vhen  a  satui  atcd  solution  of  this  salt  cools  down  from  the  boiling- 
point  to  about  70^  the  tnonohydrated  salt  is  thrown  down  in  (pianlity, 
and,  as  the  solution  cools,  a  portion  of  this  dissolves  and  a  croj)  of  acicular 
crystals  is  produced  which  readily  moU  down  at  about  1U0  \  On  removing 
the  cotton-wool  from  the  tube,  crystalli/iatiou  sets  in  from  the  surface,  and 
the  ordinary  6-ntom  hydrate  is  produced. 

The  antlior  examines  M.  Lowel's  experiments  on  solutions  of  the  sodic 
carbonate  in  which  two  modified  hydrates  are  })ointcd  out,  viz.  the  711  O  a 
and  the  /H  O  b,  which  differ  in  solubility  li  um  each  other  and  from  the  10- 
atom  salt ;  but  as  M.  Lowel  attaches  great  importance  to  the  peculiar  cata- 
Ivtic  properties  of  the  sides  of  his  vessels  in  de{erminin(>  the  formation  of 
these  salts,  the  author  cannot  help  thinkint^  that  M.  Lnwcl's  results  were 
due  to  poi'Lions  of  the  sides  of  his  vessel,  not  chenncnliy  clean,  acting  as 
nuclei.  In  chemically  clean  vessels  M.  Lowel's  results  have  not  been  re- 
produced ;  for  on  reducing  the  temperature  to  a  certain  point  dejK  i  Mlmg  on 
the  strength  of  the  solution,  the  whole  became  suddenly  sulul,  v.uh  a  rise 
in  temperature  of  or  10^.  M.  L«iwcl  also  jxiints  out  two  moJifications 
produced  from  supersaturated  solutions  of  the  magnesia  s\dphate.  The 
author  has  placed  boiling  saturated  sohitlun«,  when  cold,  in  freezing-mix- 
tures at  10*^  without  proilucing  any  separation  of  the  salt. 

The  ammonia  phosphate  throws  down  from  its  supersaturated  solution 
an  anlivdrous  powder,  which,  again  entering  into  solution,  forms  a  dense 
lower  stratum  in  which  a  modified  transparent  crystallized  salt  is  formed  in 
small  quantity. 

The  strontic  nldato  also  deposits  an  anhydrous  salt  in  cooling  down  to 
about  62^ ;  init  as  this  salt  is  not  soluble  in  the  solution,  the  modified  ealt 

is  not  formed. 

Some  solutions  on  being  cooled  down  in  freezing-mixtures  suddenly  be- 
come solid  ;  otliers  freeze  and  sometimes  thaw  again  without  any  scpani- 
tion  of  the  salt,  as  in  the  case  of  the  cuprie  sulphate ;  but  if  a  boOing 
saturated  solution  of  this  salt  be  prepared  with  strict  attention  to  chemical 
purity,  it  may  be  cooled  down  to  men  tf*  P.  without  any  scpaiation  of  the 
salt. 

.0.  Atihydroua  Salts. — ^The  method  adopted  to  ascertain  whether  an  an- 
hydrous salt  forms  a  supersaturated  solution  was  to  make  a  solution  of 
knovm  strength,  as  indicated  by  some  good  Table  of  solnbOtties,  raise  it  te 
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the  boiling-point,  and  then  note  whether  salt  began  to  be  thrown  down 
when  the  solution  cooled  down  to  the  temperature  indicated  hj  the  Table. 
For  example,  according  to  Poggiale*s  Table,  100  parts  of  water  at  158°  will 
dissolve  129*6  of  iodic  nitrate.  This  is  the  same  thing  as  622*22  grains  of 
the  salt  in  1  ounce  water.  Such  a  solution  on  cooling  down  from  the  boil- 
ing-point began  to  deposit  salt  at  1 60°. 

In  like  manner,  according  to  Qay-Lussac*s  Table,  100  parts  of  water  at 
150°  F.  contain  125  of  potossic  nitrate.  A  solution  of  125  parts  salt  to 
100  of  water  began  to  deposit  salt  at  aboat  14&°,  The  deposit  first  began 
to  be  made  on  the  side  nearest  the  window,  or  the  coldest  side,  when  the 
flask  was  suspended  in  air ;  but  if  the  flask  were  placed  on  metal,  or  my 
other  good  conductor,  a  ring  of  salt  Avas  first  formed  at  the  bottom,  some 
6°  or  8°  earlier  than  if  the  flask  stood  on  a  block  of  wood. 

It  has  been  frequently  stated  that  the  potassic  bichromate  form";  a  super- 
saturated solution.    According  to  Kremer,  200  of  water  at  1 10°  F.  dissolve 
100  parts  of  the  salt.    Such  a  solution,  on  cooling  from  the  boiling-point 
began  to  throw  down  crystalline  flakes  at  138°.    The  remarkable  deepen* 
iug  in  colour  of  this  solution  under  the  influence  of  heat  is  pointed  out. 

Sal-ammoniac,  potassic  chlorate,  and  some  other  salts  were  also  ezaminedj 
the  conclusion  being  that  anhydrous  salts  do  not  form  sapersaturated  so- 
lutions. 

6.  Qmdumn  and  Summary. — ^The  author  refers  to  the  prevailing  theory 
that  snpersaturation  exists  in  appearance  only  and  not  in  fact,  since  it  is 
su[)po8dl  to  be  the  modified  and  more  aolable  salt  that  is  in  solution.  If 
this  were  true,  it  ought  to  apply  to  all  cases  of  snpersaturation,  and  it  has 
only  been  claimed  in  the  case  of  a  very  few  salts,  and  in  tHem  much  im* 
portance  has  been  attached  to  the  active  or  the  inactive  condition  of  the 
sides  of  the  vessels  containing  the  solutions. 

The  author,  while  admitting,  in  the  case  of  a  very  few  solutions,  that  a 
modified  salt  may  be  deposited,  denies  that  it  is  due  to  any  molecular  change 
that  takes  place  in  the  solution,  either  from  reduction  of  temperature  or 
any  catalytic  property  of  the  sides  of  the  vessel.  His  theory  is  that  when 
these  modified  salts  are  formed,  it  is  the  anhydrous  salt  that  is  held  in  so- 
Intiou,  a  portion  of  which  is  thrown  down  as  the  temperature  falls ;  and 
this  anhydrous  deposit,  entering  again  into  solution,  forms  a  dense  substra- 
tum containmg  less  water  than  the  upper  portions,  so  that  when  the  modi- 
fied salt  forms  in  it,  it  is  out  of  the  reach  of  suflicient  water  to  form  the 
normal  salt.  When,  on  the  contrary,  under  the  influence  of  a  nnclens, 
crystallisation  sets  in  from  the  surface,  the  normal  salt  is  formed,  and  the 
Cfystals  carry  down  safficient  water  to  convert  the  whole  into  the  ordinary 
hydrated  salt. 

As  to  the  action  of  nndei  or  the  sides  of  the  vessel,  when  chemically 
clean  the  solution  adheres  to  them  as  a  whole,  and  there  is  no  separation 
of  the  sslt ;  when  not  chemically  clean  there  is  a  stronger  adhesion  between 
the  islt  and  the  nucleus  than  between  the  salt  and  the  solvent,  and  there 
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Is  a  Bepmtion  of  salt;  and  the  action  of  separation  onoe  begun,  may  lie 
rapidly  propagated  throughout  the  whole  solution.  Boiling  saturated  solu- 
tions may  be  cooled  down  in  chemically  clean  Tcssds  and  kfi|it  Ibr  any  length 
of  time,  not  because  they  undergo  any  molecular  change  or  hold  a  salt  of 
greater  solubility  than  the  normal  salt  in  solution,  hut  they  retain  their 
fluid  form  simply  from  the  absence  of  a  nudeus. 

The  salts  examined  in  this  memoir  are  arranged  into  five  groups  accord- 
ing to  thdr  behaviour. 

I.  Salts  of  which  the  supersaturated  sduticms  remain  liquid  at  low 
temperatures. 

Examples: — Sodic  sulphate. 

Sodic  acetate. 
Sodic  arseiiiate. 
Sodic  succinate. 
Sodic  borate. 
Sodio-potassic  tartrate. 
Potash  alum. 
Magnesia  sulphate. 
Baric  acetate. 
Calcic  chloride. 
Cupric  sulphate. 

n.  Salts  of  which  the  supersaturated  solutions  suddenly  solidify  at  low 
temperatures. 

Examples : — Sodic  carbonate. 

Sodic  phosphate. 
PlumMe  acetate. 
Sodic  b^'posulphite. 
Stronttc  chloride. 

Tir.  Salts  of  which  the  supersaturated  solutions  deposit  their  excess  of 
snlf  at  low  temperatures  or  under  the  action  of  a  nucleus,  leaving  the  mother- 
li(^uor  saturated. 

Examples Zinro-acetate. 

Cupric  sulphate.  ' 
Baric  chloride. 
Potassic  arsenintc. 
Antimonio-potassic  tartrate. 
Citric  acid. 

IV.  Salts  of  which  the  supersaturated  solutions  form  modified  salts  of  a 
lower  degree  of  hydration. 

Examples : — Ziucd-sulj  liate. 

Sudic  sulphate. 
^^;^^rncsia  sulphate. 
Auiiiiuiiia  phospliate. 
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ll  will  be  seen  that  the  sodic  sulphate  and  the  magnesia  sul^jhate  also 
occupy  a  place  in  Class  I. 

V.  Anhydrous  salts  examined  in  this  memoir  that  do  not  form  supersa- 
turated solutions 

Potassic  nitrate. 
Potassic  bichromate. 
Sal-ammoniac. 
Sodic  nitrate. 
Potassic  clilornte. 
Potassic  fci  i  ucyuaide. 
Baric  nitrate. 
Plumbic  nitrate. 
Ammonium  nitrate. 


111.  "  On  the  Impact  of  Clompressible  Bodies,  considered  with  re- 
ference to  the  Theory  of  Fressare/^    By  R.  Moon, 
Honorary  !FeUow  of  Qaeen's  College,  Cambridge.  Communi- 
cated by  Prof.  J.  J.  Syltbstxb.   Received  April  2%,  1868. 

(Abstract.) 

Suppose  that  we  have  two  7-i(/{(l  cylinders  of  equal  dimensions,  which  have 
their  axes  in  the  same  straight  line ;  suppose,  also,  that  one  of  the  cylin- 
tU  rs  is  at  rest  while  the  other  moves  towards  the  first  with  the  velocity  V 
in  a  direction  parallel  Lo  botii  tlie  axes;  the  consequence  of  the  collision 
which  under  such  circumstances  must  take  place,  will  manifestly  be  that 
half  the  momentum  of  the  moving  cylinder  will  be  withdrawn  from  it,  and 
will  be  transferred  to  the  cvlinder  wiiicli  originally  was  at  rest. 

The  mode  in  which  velocity  or  momentum  will  thus  be  collected  from 
the  dilTerent  j)art8  of  the  one  cylinder,  and  distributed  amongst  those  of 
the  other,  is  obvious.  Exactlv  the  same  amount  will  be  withrawn  from 
the  velocity  of  each  particle  of  the  impinging  cylinder,  and  exactly  the 
same  amount  of  velocity  will  be  impressed  on  each  particle  of  the  cylinder 
struck. 

And  the  reason  of  this  is  equally  obvious  ;  since,  if  such  were  not  the 
chm  ,  the  particles  of  each  cylinder  would  contract — asuppositiou  which  is 
forbidden  by  the  very  definition  of  rigidity. 

But  if,  instead  of  being  jierfertly  rigid,  each  cylinder  is  in  the  slightest 
degree  coin]  rissible,  a  variation  in  the  elTect  will  occur. 

As  before,  momentum  of  liinte  amount  will  be  transferred  from  the  one 
cylinder  to  the  other,  but  the  mode  of  collection  of  the  velocity  withdrawn 
from  the  one,  and  the  mode  of  distribution  of  that  injected  into  the  other, 
will  DO  longer  be  the  same  as  before. 
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In  order  that  the  moving  cylinder  may  not  be  reduced  to  abiolate  rest 
by  the  collision^  it  is  obvioaa  that  the  cylinder  originally  at  Teet»  or  a 
portion  of  it,  maat  be  moved  out  of  the  way,  so  as  to  aUow  of  the  con- 
tinaancej  even  in  a  modified  degree,  of  the  other^s  motion ;  and  thii  cm 
only  be  effected  on  the  terms  of  a  transferenee  of  vdocity  or  momentum 
taking  place  from  the  one  cylinder,  or  part  of  it,  to  the  other  cylinder,  or 
part  of  it. 

But  when  the  cylinders  are  compressible,  we  are  freed  from  two  condi- 
tions which  obtain  when  the  cylinders  are  rigid. 

In  the  fint  place,  it  is  no  longer  necessary  to  suppose*  neither  should  we 
be  justified  in  assuming,  that  the  Telocity  id>stracted  firom  each  parCide  of 
the  impinging  cylinder,  or  transferred  to  each  particle  of  the  i^linder 
Btmck»  is  the  same;  on  the  contrary,  all  experience  tells  ns  that,  in  bodies 
susceptible  to  compression,  compression  is  always  produced  by  collision ; 
in  other  words,  that  variation  of  velocity,  in  the  parts  about  which  the 
collision  takes  place,  is  the  immediate  and  invariable  concomitant  of 
collision. 

In  the  second  place,  when  the  cylinders  are  compressible,  it  is  no  longer 
essential  to  suppose  that  the  effect  of  the  collision  will  be  to  withdraw 
velocity  from  every  particle  of  the  impinging  cylinder,  and  to  impart  velo- 
city to  every  particle  of  the  cylinder  struck.  Undoubtedly  such  may  be 
tlie  case  if  the  cylinders  arc  short,  if  they  are  possessed  of  only  a  moderate 
degree  of  rigidity,  and  if  Ihe  velocity  before  impact  of  tlie  impiugiag 
cylinder  is  considerable.  But  if  the  cylinders  be  long,  while  the  velocity 
of  the  impinging  cylinder  is  of  moderate  amount,  the  contrary  umy 
occur.  The  condition  that  the  cylinder  originally  at  rest  shall  not  oppose 
an  immediate  insurmountable  barrier  even  to  the  modifted  motion  ut 
the  other  nia),  obviously,  be  sufficiently  satisfied  if  n  motion  of  contrac- 
tion is  imparted  by  the  coUisiou  to  a  definite  portion  of  the  second 
cylinder. 

But  when  tlie  cyHiidcrs  arc  compressible,  equally  as  when  they  are  rigid, 
the  collision  must  cause  the  instantaneous  abstraction  of  velocitv  or  mo- 
mentum, either  from  the  whole  of  tho  iin])inging  cylintliM-,  or  from  a  defi- 
nite part  of  it,  and  the  instantaneous  couiinunication  ui'  the  velocity  so 
withdrawn,  either  to  the  whole  of  the  cylinder  struck,  or  to  a  definite  part 
of  it. 

We  have  hitherto  assumed  the  velocity  of  each  particle  of  the  impinging 
cylinder  to  have  been  originally  uniform.  Let  us  now  suppose,  however, 
that  innnediately  before  impact  a  counter  velocity  of  variable  amount  is 
impressed  on  the  difterent  parts  of  the  impinging  body,  so  that,  at  the 
instant  of  impact,  before  tahbuj  account  of  the  effect  of  collision,  tlie  velo- 
city at  any  point  of  the  impinging  body  may  be  expressed  by  V—Vj  ; 
where  V  is  constant,  but  has  the  value  zero  at  the  surface  of  coUi'^ion, 
and  thence  gradually  increases  as  we  recede  towards  the  other  extremity 
of  the  cylinder,  so  that  V— Vj,  which  expresses  the  velocity  of  the  im- 
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pinging  cylinder  before  impact,  has  its  greatest  value  at  the  surface  of  col- 
lision, and  diminishes  as  we  recede  themftcm. 

It  is  clear  that,  in  the  case  we  are  now  considering,  the  collecUve  mo- 
mentum abstracted  from  the  impinging  cylinder  by  the  collision  mil  be 
less,  and  finitely  less,  than  that  which  was  abstracted  by  the  collision  in 
the  former  case,  in  which  the  velocity  of  each  particle  of  the  inipin|png 
cylinder  was  supposed  uniform  and  equal  to  V. 

Vor,  if  >[  be  the  momentum  lost  by  collision  when  the  velocity  before 
impact  is  uniform  and  equal  to  V,  it  is  clear  that  when  the  velocity 
before  inijuict  is  represented  by  V  — Vj,  the  quantity  V,  may  be  such  that 
the  momentum  before  impact  may  be  tinitely  less  than  M  ;  from  which  it 
follows  inevitably  that  the  amount  of  momentum  lost  by  coUiaion  in  this 
latter  case  must  be  kvss  than  M. 

Let  us  now  vary  the  data  by  supposinsr  that  the  velocity  before  impact 
increases  instead  of  diminishes  as  we  recede  from  the  surface  of  collision  ; 
so  tliat  at  the  moment  of  impact,  before  taking  account  of  the  effects  of 
collision,  the  velocity  at  any  point  of  the  impiogiog  cylinder  is  represented 
by  V-l-V,  instead  of  V-V,. 

It  is  clear  that  the  momentum  abstracted  by  the  collision  in  this  latter 
case  will  be  greater,  and  finitely  greater,  than  in  the  case  where  the  vt4o- 
city  before  impact  is  uniform  and  equal  to  V.  Let  the  additional  momen> 
tum  abstracted  in  this  case  be  M^,  the  whole  momentum  so  abstracted 
being  represented  by  M4-M|. 

Let  us  now  make  a  final  variation  in  the  conditions  of  the  problem,  by 
supposing  that  nt  the  moment  of  impact,  and  irrespective  of  the  impact,  a 
velocity  equal  and  opposite  to  V  is  communicated  to  each  particle  of  the 
impinging  cylinder,  so  that  at  that  instant,  without  taking  account  of 
any  action  of  the  one  cylinder  upon  the  other,  the  velocities  of  the  two 
cylinders  along  their  surfaces  of  contact  will  be  equal,  or,  rather,  will  be 
alike  zero  ;  at  the  same  time  that  at  every  other  point  of  the  impinging 
cylinder  there  will  be  a  variable  velocity  Vj  increasing  in  amouut  as  we 
recede  from  the  surface  of  contact. 

In  estimating  the  effect  of  the  cylinders  being  in  contact  under  the  cir- 
cumstances last  described,  it  is  clear  that  the  abstraction  from  each  particle 
of  tiie  impinging  body  of  the  velocity  V  can  only  be  regarded  as  preventing 
the  transference  to  the  second  cylinder  of  so  much  of  the  momentum 
M  +  iM,  as  that  velocity,  if  it  had  constituted  the  entire  velocity  before 
iiiij)act  of  the  impinging  body,  would  have  given  rise  to,  viz.  M  ;  and  that 
the  niomentum  M,,  whose  appearance  in  the  expression  M-l-M^  is  due  to 
the  fact  of  the  first  cylinder  having  been  originally  endowed  with  the 
variable  velocity  Vj  in  addition  to  the  constant  velocity  V,  will  Btill  con- 
tinue to  be  transmitted  to  the  second  cylinder  from  the  first. 

We  are  thus  led  to  this  singular  and,  doubtless,  pregnant  conclusbn, 
that  in  a  continuous  material  system  in  which  there  is  neither  discon- 
tinuity of  Telocity  nor  diseonUmiity  of  density,  all  the  consequences  of 
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collision  mav  occur,  viz.  the  instantaneous  transmission  of  a  finite  amouDt 
of  momentum  from  one  jiart  of  the  system  to  another,  provided  we  have 
discontinuity  in  the  tendency  to  comjpression  m  the  different  ^laris  of  the 
system. 

The  author  has  endeavoured,  in  former  commiinicatians  to  the  Royal  So- 
ciety, to  show  tliat  when  the  velocity  in  a  fluid  dimiuishcs  iu  the  direction 
to  which  the  motion  tends,  the  slower  ])articles  will  offer  a  resistance  to  the 
motion  of  the  faster  particles,  which  the  received  theory  fails  to  take  into 
account.  The  foregoing  speculation  2:(tes  to  })rove  that  the  circumstance 
of  the  surfaces  of  contact  of  contiguous  elements  of  the  fluid  having  the 
same  velocity,  coustitutes  uo  objection  to  the  reality  of  such  re&istauce. 


IV.  "  Oil  the  Tides  of  Bombay  and  ivunaehce.**  By  Williaji 
Parkes^  M.Inst.  C.K.  Communicated  by  (jr.  JJ,  Ai]i¥jAAtro- 
nomer  Koyal.    Received  May  5^  1865. 

(Abstract.) 

The  object  of  this  paper  is  to  exhibit  the  phenomenft  of  diurnal  inequality 
in  the  tides  on  the  coasts  of  India,  and  describe  the  mode  adopted  by  the 
author  for  obtaining  formule  based  on  astronomical  elements  for  predict- 
ing them.  It  is  accompanied  by  the  following  records  of  obaerrations  giieu 
in  a  diagram  form : — 

Kurrachee,  18.*>7-8,  December  to  March. 

„         1 805,     March  to  August. 

„         1867,     The  whole  year. 
Bombay     1867,    Februaty  to  May. 

The  heiirlvt  and  times  predicted  by  the  author  for  1H()7,  and  published 
by  the  India  Ultice,  are  given  the  diagrams  for  that  year,  so  that  they 
mav  he  romiiared  with  actual  observation. 

The  contJim  nis  curves  of  the  height  of  the  water  taken  at  Bombay,  at 
every  ten  muuites  for  the  four  months  above  named,  are  also  given. 

Bv  the  rotation  of  the  earth  every  meridian-line  is  brought  twice  n  day 
under  tlie  intliu  iiccs  which  ultimately  result  in  the  well-known  semidiur- 
nal tidal  nu  \  L  iiirnt? — once  when  in  the  position  nearest  to  the  attracting 
body,  and  once  when  in  that  furthest  from  it.  But  the  actual  point  in 
that  meridian  which  is  in  the  centre  of  tlmse  iiifluences  will  Ijc  alternately 
north  mid  south  of  the  efjuator,  to  the  extent  of  tlie  dcchnation  of  the 
attracting  i)ody.  This  alternnlion  of  the  position  of  the  centre  of  attrac- 
tion from  the  northern  to  the  soutlu^ru  hemisphere  j^roduces  a  diurnal 
tide,  aud  that  Uiunial  tide  produces  a  diurnal  inct^uality  in  the  semidiurnal 
Ude 
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The  cluuraeter  of  the  diumfll  tide  and  the  highly  complex  conditions 
under  which  its  constantly  varying  solar  and  lunar  component  parts  are 
combined  are  then  traced.  Bein^  entirely  dependent  on  the  declinations 
of  the  sun  and  moon,  the  solar  element  ranishes  twice  a  year,  and  the 
Innar  element  twice  a  month,  each  reappearing  after  the  solar  or  lunar 
eqninoxt  with  its  times  of  high  and  low  water  reversed. 

The  diurnal  tide  produces  a  diurnal  inequality  in  heiglit  and  time  of 
high  and  low  water,  affecting  simultaneously  respectively  high-water  time 
and  low-water  height,  and  high-water  height  and  low-water  time.  In  par« 
ticolar  cases*  the  actual  values  of  height  and  time  of  diurnal  tide  may  be 
directly  deduced  from  the  values  of  diurnal  inequality.  From  these  it 
was  found  that  diurnal  tide  follows  the  moon's  movements  at  a  much 
shorter  interval  than  semidiurnal,  the  retard  of  the  former  being  from  two 
to  three  hours  only,  while  that  of  the  latter  is  from  thirty-four  to  thirty- 
six  hours. 

The  mode  adopted  for  identifying  the  varying  values  of  diurnal  inequa- 
lity with  their  physical  causes  was  then  explained.  A  hypothetical  series 
of  diumsl  tides^  based  on  the  varying  values  of  the  decimation  of  the  sun 
and  moon,  was  calculated,  the  necessary  local  constants  being  deduced  from 
the  particular  cases  in  which  their  values  could  be  directly  obtained.  These 
hypothetical  diurnal  tides  being  combined  with  a  series  of  semidiurnal  tides 
deduced  from  the  disgram  of  observations,  the  diurnal  inequalities  so  obtained 
were  compared  with  the  actual  diurnal  inequalities.  It  was  then  found  that 
a  further  element  was  wanting,  which  was  approximately  and  provisbnally 
obtained  by  the  introduction  of  a  second  empirical  diurnal  lunar  tide  of 
twelve  inches  maximum  half-range  at  Bombay,  and  sue  inches  at  Kurra- 
chee. This  tide  was  assumed,  like  the  first  and  principal  diurnal  tide,  to 
be  dependent  on  the  moon's  declination,  hut  to  vanish  at  intervals  of  two 
or  three  days,  before  the  moon  crossed  the  equator.  The  author  expresses 
an  o|Hnion  that  this  empiricsl  correction  might  probably  be  superseded  by 
one  more  conristent  with  physical  causes,  if  more  extended  and  more 
correct  observations  were  subjected  to  investigation. 

Lastly,  the  comparison  of  calculated  heights  and  times  with  the  records 
of  observations  for  four  months  at  Bombay  and  ciglit  months  at  Kurra- 
chee were  given.  This  showed  that  three  calcuhited  tides  out  of  four 
were  correct  within  three  inches  iu  hei2;iit  and  fifteen  niinutcs  in  time,  tlie 
errors  of  the  remainder  ranging  up  to  nine  inches  in  height,  and  thirty 
minuter  lu  time* 

Since  receiving  the  observations  made  at  Bombay  and  Kurrachee  in  the 
year  1867  the  author  has  subjected  them  to  another  process  for  obtaining 
the  actual  times  and  heights  of  diurnal  tide,  which  has  been  more  suc- 
cessful than  that  described  in  the  paper. 

The  only  data  made  nse  of  were  the  diurnal  inequalities  in  heigM  at 
high  and  low  water,  the  range  of  semidiurnal  tide  and  the  diurnal  ine- 
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quftlity  in  time,  which  were  neoetaarj  to  the  prenous  proeeaaa  being  now 

altogether  disregarded. 

The  diarnal  inequalitiee  in  height  were  obtained  bj  measuring  the  widths 
of  the  brown  spaces  where  they  were  crossed  by  the  vertical  lines  repre- 
senting noon  on  successive  days.  The  two  daily  valnes  thni  obtaioed  are 
respectively  the  sine  and  cosine  of  an  angle  which  represents  the  differenes 
in  time  between  semidiurnal  and  diurnal  tide.  Dividing  the  low*watcr  by 
the  high-water  value  gives  the  cotangent  of  that  angles  and  thence  the 
angle  itself.  Thus  the  time  of  actual  diurnal  tide  (first  in  rehition  to  the 
time  of  semidiurnal  low  water,  and  then  in  relation  to  solar  time)  was 
obtained. 

The  actual  range  of  diurnal  tide  was  obtained  by  adding  together  the 
squares  of  the  high-water  and  low-water  values  (sine  and  cosine),  and 
tdcing  the  square  root  of  the  sum. 

With  these  two  series  of  results  as  ordinates,  curves  were  drawn  icpr»* 
senting  times  and  ranges  of  actual  diurnal  tide,  which  were  thus  presented 
in  a  convenient  form  for  comparison  with  the  diurnal  tide  which  had  been 
previously  calculated. 

The  comparison  confirmed  the  previous  conclusion  that  the  tide  based 
on  the  simple  declination  theory  was  insoiBcienty  and  the  emptrioal  ooneo- 
tion  which  had  been  adopted  seemed  to  provide  an  apptoiimation  to  the 
requnred  addition  to  it,  both  in  time  and  height.  But  it  appeared  that  a 
better  coincidence  in  time  would  have  been  obtained  by  assuming  the  diur- 
nal tide  at  Kurrachee  to  be  forty  minutes  earlier.  This  supposition  was 
tested  by  treating  the  observations  of  1865  in  a  similar  manner,  and  abo 
by  recalculating  a  portion  of  the  tides  of  1867  with  the  earlier  dinmal 
tide.  In  both  cases  the  supposition  was  confirmed,  a  better  agreement 
bebg  obtained. 

On  treatuig  the  Bombay  observations  m  the  same  manner,  a  (air  general 
coincidence  with  the  calculated  diurnal  tides  was  found  to  exist;  but  it 
was  further  found,  on  eomparing  together  the  Knnachee  and  Bombagr 
curves  of  actual  diurnal  tide  (thus  for  the  first  time  recorded  for  the  same 
period),  that  the  times  were  nearly  identical  at  the  two  ports,  and  the 
range  at  Bombay  about  one-tenth  greater  than  that  at  Kurraehee. 

The  tables  for  the  four  months  over  which  the  Bombay  observations  ex- 
tend were  recalculated  with  the  diurnal  tides  which  had  been  calculated 
for  Kurrachee  (but  made  forty  minutes  earlier,  and  increased  in  range  by 
one-tenth),  and  the  result  was  quite  as  good  as  that  shown  by  the  original 
tables.  This  fact  would  seem  to  point  to  the  possibility  that  the  diurnal 
tide  is  a  Vertical  undulation,  acting  simultaneously,  or  nearly  so,  over  a 
large  area* 
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V.  "Observations  of  the  Spectra  of  some  of  tVie  Southern  Nebulse." 
By  Lieut,  John  Herschel,  R.E.  Commuiiicated  by  W.  Huo- 
oiNS^  Esq.    Received  May  20^  1868. 

[Lieut.  Henehel,  to  whom  the  olisemtions  of  the  solar  eclipse  of  August 
next  hare  been  entrusted  by  the  Koyal  Society,  has  already  employed  the 
inBtrnmentt,  p!«eed  in  hit  hands  by  the  Royal  Society  for  the  observations 
of  the  eclipse,  to  good  account  by  commencing  an  examination  of  some  of 
the  brightest  of  the  nebulae  of  the  southern  heavens.  The  first  resuhs  of 
this  ezaminatioUf  which  are  contained  in  the  present  paper,  were  obtained  at 
Bangalore, Kadras  Presidency,  during  the  months  of  March  and  April  1868. 
The  instruments  eonsist  of  an  equatorially  mounted  telescope  of  5  inches 
aperture,  driven  by  a  clock  furnished  with  a  pendulum-governor  by  Cooke 
and  Sons*  &nd  a  spectroscope  by  Messrs.  Simms  furnished  with  one  dense 
prism  of  flint  glass,  and  with  a  micrometer-screw  and  photographic  scale  for 
measuring  the  lines.  The  nebnlee  No.  4390  and  No.  2102  have  been  de- 
scribed by  me,  Phil.  Trans.  18G4,  p.  139,  and  Phil.  Trans.  1866,  p.  383. 
— W.  H.] 

No.  3531.  [M  13»»19»:  N.P.D.  136°  37':  Mj  globular  cluster  of 
stars ;  ta  Ceutauri.] 
March  25.  A  large  cluster  risible  to  the  naked  eye,  oval-shaped,  brighter 
towards  the  central  part.    Spectrum  an  indefinable  hase  ;  no  lines. 

No.  2197.  {Al  10"  10'"  :  N.P.D.  1  18°  57':  great  nebula  in  Argus.] 
Spectnim  :  lir^rs  (/isf i/irfli/  visi/j/e,  but  not  clear  enough  to  be  separated; 
approximate  position  J)-|-  IH+J  (D=2*30,  E=3'G8, 6=3*97,  F=5-03). 
An  unsatisfactory  observation  :  to  bo  looked  for  again. 

No.  2017.  [M  10*^  r^:  N.P.D.  129° -17':  !!;  planetary  nebula,  very 
bright,  very  large,  little  extended,  *  DM.] 
March  31.  Found  with  difficulty  in  the  spectroscope.  After  n  ^ninufror 
two's  examination  the  tube  was  arcidri, tally  disturbed,  and  before  dirtc  tioii 
conld  be  again  obtained,  clouds  bad  gathered  and  work  was  stopyicd.  A|ij  icar- 
ance  in  telescope  :  a  nebulous-looking  star ;  under  a  higher  power  a  nel)U- 
lous-looking  object  with  a  much  brighter  nucleus  or  centre.  In  spectroscope : 
a  rovfinuous  sirealc  with  rr  JJotcfi  of  light  nearly  in  the  middle  of  ite  length, 
two-fifths,  by  estimation,  f  rom  the  red  end  ;  slit  quite  wide. 

No.  2581.  [  R  11M4"':  N.P.D.  146^2/':  a  planetary  nebda,  small, 
round  i  blues=*7M.] 

April  2.  A  pretty  wellHleJined  and  bright  short  line  was  distinctly 
visiUein  the  spectroscope,  accompanied  by  a  considerably  fainter  and  more 
refrangible  companion.  Principal  line  measured  with  the  wires  and  foaiul 
to  be  I>+2-ls4'4  (b^3'97,  Fa5*03),  i.  e.  6+0*4. 

No.  4088.  [iR  15''  12- :  N.P.D.  87**  26' : !  I ;  globnUr  cluster,  very  bright, 
large,  extremely  compressed  in  the  middle.] 
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April  5.  Seen  in  telescope  as  a  slightly  oval  nebolous  baU,  eaaalf  aaen  bat 

not  sexy  bright  (perhaps  owing  to  moon,  nearly  full) ;  found  with  tome  diffi- 
culty in  speetrotcope ;  a  faint  etnUummu  $pwtrwm  of  comtderable  width ; 

no  trace  or  sutpieion  ofUnet, 

(No.  417.i.  St'cn  cnsiiy  in  u-lescope ;  but  looked  for  in  spectroscope 

for  two  hours  in  vain.) 
No.   V.m.  [M  IH"  e*":  N.P.l).  83°  10':  planetary  ucbulai  very 
bright,  very  binall,  little  hnry.] 
April  G.  Scarrely  rLcognizcd  fts  a  nebula  in  the  telescope.    Seen  in  spec- 
troscope :  a  short  hr'u/ht  line  with  a  fainter  one  on  the  itiorc  rofrautrible 
side,  and  a  third  stro.iirly  susjiccted,    (Knowing  so  well  the  relative  posi- 
tions of  the  "usual"  lines,  it  is  impossible  that  an  unprejudiced  corrobo- 
rative opinion  can  be  offered  on  such  slight  foundation  as  I  have.)  A 
very  flight  extension  laterally  was  given  in  fhia  instance  with  the  cylin- 
drical leus. 

No.  2102.  [M  ID"  IH":  N.P.D.  10/^59':  I';  planetary  nebula,  reiy 

briirht,  little  extended. 1 
April  'J.  Seen  at  once  in  telescope  with  low  power  i  and  ?een  distinctly 
iu  the  spectroscope  at  a  bright  and  a  faint  line  (the  third  line  not  seen)  ; 

principal  line  measured  with  wif^s  and  found  aD+  |2-1G'^^'^^}'^ 

No.  1 1  79.  Nc  l)»ilu  in  Orion.  Ji<\auiined  for  coinjiarison.  The  spectrum 
ol"  tins  nebula  «how8  the  thrcp  line*  ttistiticthj,  and  three  only they  were 
measured  (with  wires),  and  llie  results  were:— 

'2-17 
D+  -j  2-2U=2-19 
2-21 


and 

D+    278  =6  +  1-11. 

The  places  and  descriptions  of  the  objects  enclosed  within  brackets  are 
taken  from  Sir  John  IlerscbeL's  General  Catalogue  of  Nebube"  in  the 
Phil.  Trans,  for  1864. 

P.S. — The  other  day  a  storm  passed  ow  us.  As  there  was  a  good  deal 
of  lightning,  I  took  the  opportunity  to  examine  its  spectrum.    I  saw,  as  I 

expected,  numerous  bright  lines;  the  blue  nitrngen  one,  I  suppose,  much 
the  brightest.  A  suspicion  also  of  the  red  hydrogen-line  C.  I  was  much 
surprised  at  the  brightuess  of  the  continuous  spectrum,  in  which  all  the 
principal  prismatic  colours  were  brilliant. 
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Jme  4,  1868. 

The  Annual  Meeting  for  the  election  of  eliows  was  held  this  day. 
lient^Oeneral  8ABIN£>  Prendent,  in  the  Chair. 

The  Statutes  relating  to  tlio  Election  of  Fellows  having  been  rcaJ, 
Mr.  Hulke  and  Capt.  Eichards  were,  \\\ih  the  consent  of  the  Society, 
nominated  Scrutators  to  assist  the  Secretaries  in  exniiiuiing  the  Lists. 

The  Totes  of  the  Fellows  present  having  b  en  ce>llected,  the  following 
Candidates  were  declared  to  be  duly  elected  iato  the  Society. 
John  Ball,  Esq.,  M. A.  Rear-Adminl  Astley  Cooper  Key, 

Henry  Chariton  Bastian,  M.D.  C.B. 

Lieut. -Colonel  John  Cameron,  B.E.   Rear-Adminl  Eraamus  Ommanney, 


Prof.R.  Bellamy  Clifton,  M.A. 
Morgan  William  Crofton,  Esq.,  B.A. 
Joseph  Barnard  Davis,  M.D. 
P.  Martin  Duncan,  M.B. 
Peter  Grie?*?,  Esq. 
Augustus  George  Vernon  H&rcourt, 
Esq. 

Thanks  were  TOted  to  the  Soratatoni. 


C.B. 

James  Bell  Pettigrew,  M.D. 
Edward  Janu  s  Stone,  Esq.,  M.A. 
Rev.  Ilcnrv  Baker  Tristram,  M.A. 
William  )Sandys  Wright  Vauz,  Esq., 
M*A. 


June  11, 1868. 

Lieut.-General  SABINE,  President,  in  the  Chair. 

Capt.  Sir  Leopold  M'Clintock,  R.N.,  and  Reai^Adminl  Ommaimey, 
C.B.,  were  admitted  into  the  Society. 

The  following  comrannications  were  r^d  : — 

I.  "  On  the  Combustion  of  Hydm^rcn  and  Carbonic  Oxide  in  Oxygen 
under  great  pressure."  By  E.  Franklwd,  F.R.S.,  Professor  of 
Chemistry  in  the  Royal  Inatitation  and  in  the  Royal  School  of 
Mines.   Received  June  11, 1868. 

In  a  former  communication  to  the  Royal  Society'*'  I  described  some  re- 
searches on  the  effect  of  a  diminution  of  pressure  on  some  of  the  phe- 
nomena of  combustion,  and  deduced  therefrom  the  law  that  ike  dtmimution 
in  iUummating^power  it  directly  jproportional  io  the  diminutum  m  a/mo* 
igpkeric  premare. 

Farther  experiments,  made  more  than  a  year  ago,  on  the  natoie  of  the 
luminous  agent  in  a  coal-gas  flamef,  led  me  to  doubt  the  correctness  of  the 
commonly  received  theory  first  propounded  by  Sir  Humphry  Davy^, 
that  the  light  of  a  gas-flame  and  of  Inminous  flames  in  general  is  due  to 

»  PhiL  Tntt».  vol.  di.  p.  629  (1861). 

t  Loctures  on  Coiil*giu»  doHTored  at  the  Boyal  InfltitQtion  in  March  1867.  Journal 
of  QM-lighting.  %  Fliil.  Tnina.  for  1817,  p.  7& 

VOL.  XVI.  2  P 
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the  presence  of  solid  pnrticlei.  In  reference  to  gas-  and  candle-flanic  ?,  it  is 
now  well  kuowD  that  the  fuliginous  matter  produced  wlien  a  piece  of  wire- 
e^anze  is  depressed  iifioii  such  flames,  and  the  sooty  dcjiosit  which  coats  a 
j)iece  of  white  porcelain  placed  iu  a  similar  position,  are  not  pure  carbon, 
but  contain  hydrogen,  which  is  only  completely  ffot  rid  of  by  prolonged 
exposure  to  a  white  heat  in  an  atmo-phtrc  of  clilurine.  On  {uirsuing  the 
subject  further,  I  found  that  tlu  re  are  many  flrimc-i  pov>eN-in2^  n  hi!?h 
degree  of  luminosity  which  cannot  possibly  contain  solid  particles.  Tiiu? 
the  flame  of  metallic  arsenic  burninj?  in  oxygen  emits  a  remarkably  !nfon<^e 
white  light;  and  as  metallic  arn  uic  volaiiUzes  at  180°  C,  ^^"1  i(is  JTo- 
duct  of  combustion  (arseniuua  anhydride)  at  218^'  C,  whilst  l he  tempe- 
rature of  incandescence  of  Folids  is  at  least  jIKP  C.,  it  is  obviously  im- 
]>os'2ible  here  to  assume  the  ]irLseucc  of  ignited  solid  particles  in  the  tiame. 
Ai:;aii),  if  carbonic  disul})hi(lr  vapour  be  made  to  burn  in  oxygen,  or  oxygen 
in  carbonic  disulphide  vapour,  an  almost  insupportably  brilliaut  light  is 
the  result.  Now  fuliginous  mnttcr  is  never  present  in  any  part  of  this 
flame,  and  the  boiling-puiut  of  sulphur  (440°  C.)  is  below  tlic  lomperature 
of  incandescence,  so  that  the  assumption  of  solid  particles  in  the  tlame  is 
here  also  inadmissible.  If  the  last  experiment  be  varied  by  the  substitu- 
tion of  nitric  oxide  gas  for  oxygen,  the  result  is  still  the  same ;  and  the 
dazzlin?  light  ])roduccfl  by  the  combustion  of  these  compounds  is  also  so 
rich  in  the  more  refrangible  rays,  that  it  has  been  employed  in  taking  install* 
taneous  photographs,  and  for  exhibiting  the  phenomena  of  fluorescence. 

Many  other  similar  cnses  of  the  production  of  brilliant  light  from  incan- 
descent, gaseous,  or  vapuious  mntier  might  be  cited;  but  I  will  mention 
only  one  other.  Aijioiigst  the  chemical  reactions  celebrated  for  the  pro* 
duction  of  dazzling  liL;lit,  there  are  few  which  surpass  the  active  combustion 
of  phosphorus  in  oxygeu.  Now  phosphoric  anhydride,  the  product  of 
this  coiiiljustion,  is  volatile  at  a  red  heat ;  and  it  is  tin  reiore  manifestly  im- 
possible that  this  substance  should  exist  in  the  solid  form  at  the  tempera- 
ture of  the  phosphorus-flame,  which  far  transcends  the  melting-pdint  of 
})latinum.  For  these  reasons,  and  for  others  stated  iu  the  lectures  aboTC 
quoted,  I  consider  that  incandescent  particles  of  carbon  are  not  the  source 
of  light  in  ans-  and  candle-flanu^,  hut  that  the  luminosity  of  these  flames  is 
due  to  radiations  from  dense  but  truusjiarciii  liydrocarbon  vapours.  As  a 
further  generalization  from  the  experiment  above  mentioned,  I  wn?  led  to 
the  conrlnoion  that  dense  gases  and  yapourn  become  luniinous  at  much 
lower  temperatures  than  aeriform  fluids  of  comparatively  lovr  ppecific 
gravity,  and  that  this  result  is  to  a  great  extent,  if  not  altogether,  inde- 
pendent of  the  nature  of  the  gas  or  vapour,  inasmuch  as  I  fomid  tluit 
gases  of  low  den<?itv,  wliiel^  are  not  luminous  at  &  given  tempernture  \\  !u n 
burnt  under  common  atmospheric  prc^e-irc,  become  so  when  th  y  ar 
simultaneously  compressed.  Thus  mixtures  of  hydro2:eii  and  carbouic 
oxide  v.Ith  oxygen  emit  but  little  light  when  they  are  burnt  or  exploded 
in  free  air,  but  exhibit  intense  luminosity  when  exploded  in  closed  glass 
vessels,  so  as  to  prevent  their  expansion  at  the  moment  of  combuAtion* 
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I  have  TCoently  atended  theit  eiperimenti  to  the  oombiiBtioii  of  jets  of 
bjdrogen  and  carbonic  oiide  in  oiygen  under  a  prenuio  gradually  in- 
masing  to  twenty  atmoepheree.  Tb^  expeiimenta  were  conducted  in  a 
strong  iron  Tesiel«  furnished  with  a  thick  plate  of  glass  of  suffident  aise  to 
permit  of  the  optical  examination  of  the  flame.  The  results  are  so  re- 
markable that,  idthough  still  far  from  being  complete,  I  Tentura  to  com- 
municate them  to  the  Royal  Society  before  the  dose  of  the  Session.  The 
appearance  of  a  jet  of  hydrogen  burning  in  oxygen  under  the  ordinary 
atmospheric  pressure  is  too  well  known  to  need  description.  On  in- 
creadng  the  pressure  to  two  atmospheres,  the  previously  feeble  luminosity 
is  Tcry  visibly  augmented,  whilst  at  ten  atmospheres*  pressure  the  light 
emitted  by  a  jet  about  1  inch  long  is  am})Iy  sufficient  to  enable  the 
observer  to  read  a  newspaper  at  a  distance  of  2  feet  from  the  flame,  and 
this  without  any  reflecting  surface  behind  the  flame.  Examined  by  the 
spectroscope,  the  sp^etrum  of  this  JIame  tt  btyjfht  and  perfectly  conHnuaui 
from  red  to  violet. 

"\Vith  n  higher  initial  luminosity,  the  flame  of  carbonic  oxide  in  oxygen 
becomes  much  more  luminous  at  a  pressure  of  ten  atmospheres  than  a 
flnrfic  of  hydrogen  of  the  snmc  size  and  burning  under  the  same  pressure, 
l  iip  -pectrum  of  carbonic  oxide  hurning  in  air  is  ^vcll  knowu  to  be  con- 
tinuouj?  ;  bumf  in  oxygen  under  a  jjrcssure  of  fourh  t  n  iiiiiiospheres,  the 
spectrum  of  the  tiame  is  very  brilliant,  and  perfectly  continuous. 

If  it  be  true  that  dense  gasrs  emit  more  liglit  than  rare  ones  when 
ignited,  (he  passnge  of  the  electric  spnrk  tlirough  ditTcrcnt  gases  ought  to 
produce  an  amount  of  light  varying  with  the  density  of  the  gns ;  and  this 
is  in  fact  the  case,  for  electric  sparks  passed  as  nearly  as  possible  under 
similar  conditions  through  hydrogen,  oxygen,  chlorine,  and  snl])liurouH 
anhvdiide  emit  light  the  intensity  *n  which  is  very  slight  in  the  case  of 
hydrogen,  considerable  in  that  of  oxygen,  and  very  great  in  the  case  of 
chlorine  and  sulphurous  anhydride.  When  lifpicKcd  sulphurrms  nnhy- 
dride  is  sealed  up  in  a  strong  tube  furni.shed  with  platinum  wirca,  and  the 
temperature  then  allo^^c(l  to  rise  until  the  internal  pressure  amounts  to 
three  or  four  atmoaphcies,  the  passage  of  inductioii-spaiks  through  the 
enclosed  gas  is  attended  with  very  brillinnt  Hashes  of  hght.  Further,  if  a 
btream  of  induction-sparks  be  passed  through  air  confined  in  a  glass  tube 
connected  with  a  condensing  syringe,  and  the  pressure  of  the  air  be  gradu- 
ally augmented  to  two  or  three  atmospheres,  a  very  marked  increase  in  the 
luminosity  of  the  sparks  is  obsenrcd,  whilst  on  allowing  the  condensed  air 
to  escape,  the  same  phenomena  are  obserred  in  the  reverse  order. 

The  electric  arc  from  fifty  cells  of  Grore's  battery  is  incomparably  more 
brillhmt  when  mercury  vapour,  instead  of  atmospheric  air,  is  interposed 
in  the  path  of  the  discharge  between  the  carbon  pomts.  The  gases  and 
▼apours  just  mentioned  have  the  followmg  relative  densities : — 

Hydrogen      I'O 

Air   14-5 

Oxygen    16-0 

2p2 
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Sulphurous  anhydride.  >•••  32*0 

Chlorine  ,   35-5 

Mercury  100*0 

It  is  obvious  that  the  above  results  have  a  very  direct  beariiig  upon  the 
TiewB  now  generally  held  regarding  the  constitution  of  the  ran,  stars,  and 
nebulae  ;  but  I  refrain  from  making  any  sucli  application  of  them  until  I 
have  the  honour  of  kying  before  tihe  Bojal  Sodety  a  complete  account  of 
these  experiments. 

IL  ''On  the  Oedotion  of  Hydrogen  Gas  by  MeUls/'  By  Thomas 
Graham,  Master  of  the  MinU   Received  May  22,  18<S8. 

In  my  exprrimcnts,  already  published,  on  the  occlusion  of  hydrogen  by 
the  metals  pailadinm,  platinum,  and  iron,  the  absorption  of  the  gas  vas 
observed  to  be  of  uiucrtain  occurrence  at  low  temperatures,  but  was 
ensured  bv  lieatirifr  tlie  metal,  whether  in  the  lortn  of  spoiiirc  or  i\Z'ZT<-?- 
gatcd  h\  liainmcriiiLS  ^^^^d  allowing  it  to  cool  slo\\]\'  and  coni]>letciy  ma 
livilrogrii  atinosphi  rc.  This  fact  was  referred  to  the  condition  of  ab^ohite 
purity  of  the  metallic  surface  being  essential  to  tlic  first  absorbing  action, 
as  it  is  to  the  action  of  platin\mi-foil  or  wire  in  determining  the  coTrtbus- 
tion  of  the  gaseous  mixture  of  oxvgen  and  hydrogen,  as  observed  liv  Fara- 
day. A  new  method  of  charging  the  metals  with  hydrogen  at  low  t£Vnt- 
peralnres  has  lately  ])resented  itself,  %vliicli  is  not  without  interest. 

When  a  jdale  of  zinc  is  placed  in  dilute  sulphuric  Rcid,  hydrogen  is 
freely  e^  olved  from  the  surface  of  tlie  metal,  but  no  hydrogen  is  occluded 
and  retained  at  the  pamc  time.  A  negative  result  wm  indeed  to  he  ex- 
pected fioTn  the  crystalhne  Hlnu-fnre  of  zinc.  But  a  thin  plate  of  palla- 
dium innn(  rsed  in  the  snme  acid,  and  brought  into  metallic  contact  with 
the  zinc,  soon  becomes  largely  charged  with  the  hydrogen,  which  is  then 
transferred  to  its  surface.  The  charge  taken  up  in  an  honr  by  a  paUadium 
plate,  rather  thick,  at  12°  amounted  to  1  73  times  its  volume. 

The  absorption  of  hydrogen  was  still  more  obvious  when  the  palladium 
plate  was  constituted  the  ne^tive  electrode  in  arldidated  water  to  r». 
Bunsen  battery  of  six  cells.  The  evolution  of  oxygen  gjus  at  the  positive 
electrode  continuing  copiuus,  the  etiervcscence  at  the  negative  electrode 
was  entirely  suspended  for  the  first  twenty  seconds,  in  con<(Mpieiu  ('  ol  the 
hydrogen  being  ocehuled  by  the  palladinm.  The  final  absorj^non  atnonnted 
to  200*4  volnnics,  and  was  greater  in  amount  than  the  volume  of  hydrogen 
ocelnded  by  tiic  same  plate  heated  and  cooled  in  an  atmosphere  of  the 
gas,  which  did  not  exceed  90  volunu 

It  is  worthy  of  remark  that,  although  the  hydrogen  enters  tlie  p.allM- 
dium  and  no  doubt  pervades  the  whole  mass  of  the  nietai  in  such  circum- 
stances, the  gas  exhibits  no  disposition  to  leave  the  niclal  and  esrnpc  into  a 
vacuum,  at  the  temperature  of  its  absorption.  Thus  a  thin  j)la{e  of  p;d- 
ladinm,  charged  with  hydrogen  in  the  manner  described,  wns  washed, 
dried  by  a  cloth,  and  then  sealed  up  in  an  exhausted  glass  tube.  Ou 
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bfeaking  tlie  tube  under  mercotj  After  two  monthfl,  the  ▼acaum  was  foand 
perfect.  No  hydrogen  had  yaporized  in  the  cold  (about  12^)  $  but  on 
the  application  afterwards  of  a  heat  of  100^  and  upwards,  333  Tolomes  of 
gas  were  erolved  ftom  the  metal. 

A  similar  result  was  obtained  on  maldng  a  hollow  paUadium  cylinder*  of 
which  the  length  was  115  mtUimetres,  diameter  12  milUknetres*  and  thick- 
ness 1  millimetie,  the  negative  electrode  in  an  acid  fluid,  whfle  the  dosed 
cavify  of  the  cylinder  was  kept  exhausted  by  means  of  a  Sprengel  aspi- 
rator. No  hydrogen  whatever  passed  through  into  the  tscuous  cavity  in 
several  hours,  although  the  gas  was  no  doubt  abundantly  absorbed  by  the 
outer  surface  of  the  cylinder  and  pervaded  the  metal  throughout. 

It  appears,  then,  that  when  hydrogen  is  absorbed  by  palladium  the  vd»- 
tility  of  the  gas  may  be  entirely  suppressed ;  and  hydrogen  may  be  largely 
present  in  metals  without  eihibiting  any  sensible  tension  at  low  tempera- 
tures. Occluded  hydrogen  is  certainly  no  longer  a  gai^  whatever  may  be 
thought  of  its  physical  condition.  The  same  conclusion  was  indicated  by 
another  series  of  experiments,  in  which  it  was  found  tha^  to  be  occluded 
by  palladium,  and  even  by  iron,  hydrogen  does  not  require  to  be  applied 
under  much  pressure,  but,  on  the  contrary,  when  highly  rarefied  is  still 
freely  absorbed  by  these  metals. 

The  occluded  hydrogen  is  readily  extracted  from  palladium  by  reversing 
the  position  of  the  latter  in  the  decomposing  cell  of  the  battr^ry,  so  as  to 
cause  oxygen  to  be  evolved  on  the  surface  of  the  metal.  The  hydrogen  is 
then  drawn  out  as  rapidly  as  it  had  previously  entered  the  palladium,  and 
the  metal  Is  exhausted  in  a  complete  manner  by  such  treatment.  When 
palladium  charged  with  hydrogen  is  left  cxpo«?ed  to  the  atmosphere,  the 
metal  is  apt  to  become  suddenly  hot,  and  to  lose  its  gas  entirely  by  qpon- 
taneous  oxidation. 

Platinum  may  be  charged  with  hydrogen  by  voltaic  action,  as  well  as 
palladium,  but  with  the  usual  inferior  proportion  of  gas.  The  charge 
of  hydrogen  taken  up  in  a  decomposing  roltaic  cell  by  old  platinum  in  the 
form  of  a  tube,  of  the  thickness  of  a  small  crucible,  Avas  2' 19  volumes. 
This  absorbed  gas  was  also  readily  withdrawn  from  the  platinum  and 
oxidized  on  reversing  the  ])lace  of  tlie  metal  iu  the  decomposing  cell.  The 
platinum  acquired  its  well-known  polarizincr-power  in  virtue  of  the  oc- 
cluded hydrogen.  Tlii'^  power  was  retniucd  by  liie  metal  after  being 
washed  with  pure  water  ;ind  iviped  with  a  cloth,  and  was  brought  into 
action  on  placing  the  njetal  in  dilute  acid.  The  temperature  required  to 
expel  the  hydrogen  -o  absorbed  by  platinum  was  found  to  be  little  short  of 
a  red  heat,  although  the  gas  had  entered  ttie  metal  at  a  low  temperature. 

Soft  iron,  left  some  time  in  a  dilute  acid,  orrlnded  0-57  volume  of 
liydrogen.  This  charge  of  gas  was  also  retained  al  low  temperatures,  and 
did  not  escape  into  a  vacuum  till  the  temperature  was  raised  nearly  to  red- 
ness. This  |irnyes  that,  like  platinum,  iron  is  not  penetrated  through  ui  the 
cold  by  hydrotrf  n,  the  temperature  of  emission  being  elevated  considerably*. 

*  Iu  M.  Catilclcl  B  cipcrUueut  of  exposing  a  thin  sheet  of  iron  to  an  acid,  the  metal 
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While  hydrogen  was  absorbctl  freely  by  palladiuin  nnd  platiiiiiTn  as 
negative  plates,  no  oxygen  whatever  was  absorbed  by  plates  of  the  bame 
metals  in  the  position  of  positive  electrode'^.  Oxygen  gas  was  disenga^red 
freely  on  the  surface  of  the  latter  without  being  condensed.  A  platinum 
phlte  which  had  acted  for  several  hours  as  a  positive  electrode,  fr^ve  nfter- 
wards,  when  subntitted  to  heat  with  exhAaatioii«  a  small  trace  of  carboak 
aeid  but  no  oxygen. 

The  familiar  igniting-power  of  platinum  sponge  (or  clean  plnte)  upon  a 
jet  of  hydrogen  in  the  air  f>eems  to  depend  solely  upon  ilic  intiuence  of  tlie 
tnetal  upon  its  occluded  hydrogen.  The  hydrogen  a])pcars  to  be  polarized, 
and  to  have  its  attraction  for  oxygen  greatly  heightened.  I  beg  to  offer 
the  following  representation  of  tliis  jdicnomenon,  with  nn  apologj-  for  the 
purely  speculative  character  of  the  explanation.  The  gn^eons  molecule  of 
hydrogen  being  assumed  to  be  an  association  of  two  ntcir.s,  n  hydr:(le  of 
hydrogen,  it  would  follow  that  it  is  the  attraction  of  platnium  Ujr  the 
negative  or  "chlorylous"  atom  of  the  hydrogen  molecule  which  attaches 
the  latter  to  the  metal.  The  tendency,  imperfectly  satisfied,  is  to  the  for- 
matioil  of  a  hydride  of  platinum.  The  hydrogen  molecule  is  accordingly 
polarized,  onVn/^,  with  its  positive  or  "basylous"  side  turned  outwards, 
and  having  its  affinity  for  oxygen  greatly  eidivened.  It  is  true  that  the 
two  atoms  of  a  molecule  of  hydrogen  are  considered  to  be  inseparable  ;  but 
this  may  not  be  inconsistent  with  the  replacement  of  such  hydrogen  atoms 
as  arc  withdrawn,  on  combining  with  oxygen,  by  other  hydrogen  atoms 
from  the  adjoining  molecides.  It  is  only  necessary  to  suppose  that  a  pair 
of  contiguous  hydrogen  molecules  act  together  upon  a  single  molecule  of 
the  external  oxygen.  Tliey  would  form  water,  and  still  leave  a  pair  of 
atoms,  or  a  single  molecule  of  hydrogen,  attached  to  the  platinum. 

The  oxidation  of  alcohol,  ether,  and  similar  hydrocarboni^  througli  the 
agency  of  platinum,  Itkewiae  appears  to  i)e  alwaya  an  hnmediate  eonee- 
qnence  of  a  similar  polarization  of  the  hydrogen  of  thoae  aubitancei^  or  of 
some  other  oxidable  eonatitnent. 

As  has  already  been  remarked,  it  does  not  follow  that,  because  n  gas 
is  occluded  by  a  metal,  under  the  pressure  of  the  atmosphere,  at  a  low 
temperature^  the  gas  will  also  escape  from  the  metal  into  a  ▼acnutn  at 
the  same  temperature,  a  much  higher  temperature  being  often  requured  for 
the  expulsion  of  the  gas  than  for  its  first  absorption.  This  is  partlcolarij 
true  of  carbonic  oxide  occluded  by  iron.  Cast  iron  is  much  too  porous  fiw 
such  experiments,  and  allows  carbonic  oxide,  equally  with  other  gasei^  to 
pass  through  abundantly  by  the  agency  of  gaseous  diffusion.  Even  witk 
malleable  iron  there  is  a  difficulty  in  observing^  owing  to  the  long  time 
during  which  that  metal  continues  to  discharge  carbonic  oxide  from  its 
own  store  of  that  gas*  But  n  Tunllefible  iron  tube,  first  thoroughly  de- 
prived of  its  natural  gas,  was  found  to  allow  carbonie  oxide  to  pasi  thimig^ 

is  no  doubt  penetrated  through  by  hydrogen  in  the  cokl,  but  apparently  from  the 
penetrating  agency  of  the  acid  which  is  tnainaating  itself  into  the  metal  at  the  aame 
timew— Cbmp<e«  Benduf,  4  Mai  1868. 
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H  into  a  tammm  very  slowly  compared  with  hydrogen^  although  the 
Tolamo  of  carbooic  oxide  which  the  metal  is  capablo  of  afaioibing  ii  Teiy 
Bennhle,  amowitiDg  to  4  Tolnmes^  and  mote  considerable  than  the  Yolnme 
of  hydrogen  which  the  seme  metal  can  ocdnde.  Carbonic  oxide  did  not 
sensibly  pass  through  iron  of  \*7  millimetra  in  thickness  till  the  tempers- 
tore  was  grcatly"«levated ;  and  then  the  passage  of  gaa  was»  in  a  minntc — 

Of  carlNmic  oside»  at  a  fall  red  hea^  0*284  cab*  centim.  per  sqnare 
.  metro  of  soifiuie* 

Of  hydrogen  oxide,  at  a  foil  red  heat,  76*5  cab«  centims.  per  square 
'  metro  of  snrfiuie. 

The  condition  of  hydrogen  as  occlnded  by  a  colloidal  metal  may  be 
studied  with  most  adYantage  in  its  anion  with  palladium,  where  the  pro* 
portion  of  gas  held  is  considerable.  In  the  polYeruIent  spongy  state,  pal- 
ladiom  took  up  655  Tolumes  of  hydrogen ;  and  so  charged  it  gare  off  no 
gas  fa  vacuo  at  the  ordinary  temperature,  nor  till  its  temperature  waa 
raised  to  nearly  100^.  Hammered  palla^um  foil  has  been  observed  to 
take  up  quite  aa  much  gas.  But  the  condition  in  which  palladium  appean 
to  be  most  absorptive  is  when  precipitated  from  a  solution  of  about  1*6 
per  cent,  of  the  chloride,  by  the  action  of  a  Yoltaic  battery,  in  the  form  of 
a  compact  metal.  Palladium  is  not  one  of  the  metals  roadily  thus  preci- 
pitated ;  but  it  may  be  thrown  down  upon  a  thin  platinum  wiro,  in  briU 
liant  laminse,  by  the  action  of  a  large  nngle  cell.  The  palladium  after  a 
time  detaches  itself  from  the  wire,  exhibiting  a  bright  white  metallic  sur- 
face  whero  it  bad  been  in  contact  with  the  platinum,  and  a  dull  surface, 
suggesting  metallic  arsenic,  on  the  side  exposed  to  the  acid.  As  so  pro* 
pared.  It  does  not  contain  any  occluded  l^drogen.  But  the  metallic  films, 
when  heated  to  100^  in  hydrogen,  and  allowed  to  cool  slowly  for  an  hour 
in  (he  same  gas,  wero  found  to  occlude  982*14  volumes  of  gas,  measured 
with  thermometer  at  1 1%  and  barometer  at  756  millimetres.  This  is  the 
largest  absorption  of  hydrogen  observed*  From  palladium  so  charged 
(here  was  a  slight  indication  of  tlic  escape  of  hydrogen  into  a  vacuum, 
^vith  i  :f  reme  slowncBs  in  the  cold.  This  charged  palladium  ia  represented 
by  weight  as 

Polladium  1-0020  grm   99'277 

Hydrogen  0*0073  grm   •723 

1 00-000 

It  is  iu  the  proportion  of  one  cqnivalont  of  palladinm  to  ()-772  equiva- 
lent of  hydrogen*,  or  there  is  an  approximation  to  single  erjnivakiils 
Pd  II.  Ikit  the  idea  of  definite  chemical  combination  is  opposed  by 
various  considerations.  No  visible  change  is  occasioned  to  the  metallic 
palladium  by  its  association  with  the  iiydropr*  !i.  Hydrides  of  certain 
metals  are  known,  as  the  hydride  of  cop]>er  (  urtz)  and  the  hydride  of 
iron  (Wauklyn) ;  but  they  are  brown  j»ulvernluiit  substances  with  no  me- 

*  H  =  l,  Pd=10Gv. 
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tallic  cbaracten.  Indeed  a  hydride  af  palladium  itself  can  be  fonned,  bnl 
not  preaenred*  on  account  of  its  great  instability.  Following  tbe  pfooesi 
of  M«  Wnrti  for  tbe  bydride  of  copper,  nitrate  of  palladinm  was  boiled 
with  sulphuric  add,  and  tbe  sulphate  of  palladinm  (a  red  crystalline  salt)  pre* 
pared.  A  solution  of  this  salt,  with  an  excess  of  sulphuric  acid,  was  precipi- 
tated by  the  by  popbospbite  of  soda ;  a  black  powder  fell,  Whidi  speedily  un- 
derwent decomposition  at  0°,  etolring  copious  Tolumes  of  hydrogen  gM.  The 
final  residue  appeared  to  be  pure  palladium,  of  its  usual  black  amorpbmn 
appearance,  and  with  no  trace  of  ciystallisation.  It  is  singular  that  dui 
palladium  predfntate  contained  no  occluded  hydrogen ;  and  eren  wbca 
heated,  and  afterwards  exposed  to  an  atmosphere  of  hydrogen  in  the  usual 
manner,  tbe  palladium  black  so  prepared  condensed  no  sensible  qnsalitf 
of  that  gas. 

I  am  indined  to  conclude  that  the  passage  of  hydrogen  through  a  pUU 
of  metal  is  always  preceded  by  the  coudensation  or  occlusion  of  the  gis. 
But  it  must  be  admitted  that  the  rapidity  of  penetration  is  not  in  propor* 
tion  to  tbe  Tolume  of  gas  occluded  ;  otherwise  palladium  \rould  be  much 
more  permeable  at  a  low  thnn  at  a  high  temperature.  A  plate  of  that 
metal  was  sensibly  exhausted  of  hydrogen  gas  at  267%  but  continued  per- 
meable* and  in  fact  increased  greatly  in  permeability  at  still  higher  tern* 
peratures,  and  without  becoming  permeable  to  other  gases  at  the  same 
time.  In  a  striking  experiment,  a  mixture  of  equal  volumes  of  hydrogen 
and  carbonic  ncid  was  carried  tliruugli  a  small  palladium  tube,  of  which 
the  internal  diameter  was  3  millimetres,  and  the  thickness  of  the  wall 
0*3  millimetre.  From  the  outer  surface  of  this  tube  gas  escaped  into  a 
vacuum,  at  a  red  heat,  with  the  enormous  velocity  of  101 7*54  cub.  centim?. 
per  minute  for  a  square  metre  of  surface.  This  gas  did  not  disturb  baiyta- 
water.    It  was  pure  hydrogen. 

A  still  more  rapid  pfissage  of  liydrogcn  was  observed  through  the  sub- 
stance of  a  hollow  cylinder  of  palladium  1  millimetre  in  thickness,  at  a 
higher  tempertiUire,  approaching  the  melting-point  of  gold.  The  palia- 
dituii  cylinder  being  enclosed  in  a  j)orcelain  tube  charged  with  pure 
hydrogen,  was  exhausted  as  usual,  and  gave  105  s  cub.  centims  of  gas  in 
five  minutes ;  mcasureil  with  bar.  753  millims.,  therm.  1 0^.  As  the  external 
surface  of  the  palladium  tube  amounted  to  0*0053  square  metre,  the  passage 
of  gas  was 

399  2*22  cub.  centims.  from  a  .square      frr  of  surface,  per  njinute. 
The  rate  of  penetration  of  hydrogen  through  the  same  palladium  tube, 
at  the  lower  temperature  of  265°  C,  was  previously  observed  to  be 
327  cub.  ccniiiiis.  from  a  square  metre  of  surface,  per  minute. 
The  velocity  of  penetration  thus  appears  to  increase  iu  a  rapid  ratio  with 
the  temperature. 

When  carbonic  acid  was  substituted  for  hydrogen,  at  the  same  high 
teniperikture,  a  very  minute  penetration  was  perceived,  amounting  to 
I  bG  cub.  ceutim.  from  a  square  metre  of  surface,  per  minute. 
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This  gives  for  earbonie  acid  one  twenty-UioiiBandth  fwrt  of  the  rate  of 
hydrogen.  Whether  it  is  a  penetration  of  the  same  sort,  although  greatly 
leas  in  degree^  or  rather  the  consequence  of  a  sensible  porosity  in  the 
palladiam  (of  which  it  would  beoome  the  measure),  remains  uncertain. 

The  quantity  of  hydrogen  held  by  the  metal  at  these  high  tempera- 
tures may  become  too  small  to  be  appreciated ;  but  I  presume  it  is  still 
present^  and  traveb  through  the  metal  by  a  kind  of  rapid  cementation. 
This  extreme  mobility  is  a  singular  property  of  hydrogen,  which  was  in- 
Tolred  in  the  fundamental  disooveiy*  by  MM.  H.  Sidnte-Gbure  Deville  and 
Troosty  of  the  passage  of  that  gas  through  plates  of  iron  and  platinum  at 
high  temperatures. 

The  marked  rapidity  of  the  passage  of  the  same  gas  through  a  thin 
sheet  of  caoutchouc  appears  to  be  more  capable  of  explanation  on  known 
principles.  Caoutchouc  of  less  than  0*  1  millimetre  in  thickness,  if  impreg- 
nated with  hydrogen,  loses  its  gas  entirely  by  the  most  momentary  expo- 
sure to  the  air.  A  tube  of  2  millimetres  in  thickness,  through  which 
hydrogen  and  carbonic  acid  were  singly  passed,  each  for  an  hour,  was 
found  to  retain — 


The  absorption,  then,  is  in  the  proportion  of  1  hydrogen  to  20  carbonio 
acid ;  but  the  comparative  rate  of  penetration  of  the  two  gases  through  a 
aheet  of  caoutchouc  is  as  1  hydrogen  to  2j  carbonic  acid  ;  or  the  hydro- 
gen moves  eight  times  as  rapidly  as  the  density  of  its  solution  would 
indicate.  But  these  gases  differ  in  dlifiisibUity  as  carbonic  acid  1  to 
hydrogen  4*7*  The  rapid  passage  of  hydrogen  through  caoutchouc  is 
thus  partly  explained  by  the  rapid  manner  in  which  that  gas  is  brought  to 
one  surface  of  the  sheet  and  conveyed  away  from  the  other  by  gaseous 
diffusion.  Again,  both  substances  travel  through  the  substance  of  the 
caoutchouc  by  their  diffusibiltty  as  liquids.  Suppose  hydrogen  in  that 
form  to  be  nearly  as  much  more  diffusive  than  the  other  substance  as  it  is 
when  both  are  gaseous,  then  the  observed  rapid  passage  of  hydrogen 
through  caoutchouc  would  appear  to  be  fully  accounted  for. 

Liquid  diffusion  has  also  a  bearing  upon  the  rapid  dissemination  of 
hydrogen  through  a  soft  colloid  metal,  like  palladium  or  platinum,  at  a 
high  temperature.  The  liquid  diffusion  of  salts  in  water  is  known  to  be 
six  times  as  rajjid  at  100°  as  at  0*^.  If  thr  diffusion  of  liquid  hydro- 
gen increases  witli  temperature  in  an  eqnai  ratio,  it  must  become  a  '^ery 
rapid  movement  at  a  red  lieat.  Although  the  (juantity  absorbed  may  be 
reduced  (or  the  chaniul  imrrowed),  tlie  tiow  of  liqrnd  may  thus  be  in- 
creased in  velocity.  The  whole  phenomena  appf n  to  bu  consistent  with 
the  solntion  of  liquid  hydrogen  in  tlie  col'oi  l  nn  tal.  The  **soliiii(>n 
affinity"  of  metals  appears  to  be  nearly  coiuincd  to  hydrogen  and  car- 
bonic oxide,  so  that  metals  are  not  sensibly  penetrated  by  other  gases  than 
these. 


Of  hvdro2:en  , . . 
Of  carbonic  acid 
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IIL  '^On  tbe  Osteology  of  the  Bolitaife  or  Didine  Bird  of  the  Itland 

of  RodrigucB,  Pegophaps  goliiarut  (Omel.)/'  By  Alfrei> 
Neitton,  M.A.,  Professor  of  Zoology  and  Comparative  ^Vna- 
tomy  in  the  University  of  Cambridge,  and  Edward  Xewtox, 
M.A.,  Audi  tor- General  of  Mauritius.  Connnunicatcd  by  P.  L. 
ScLAT£E|  Esq.^  M.A«|  Pli.D«   Received  May  6^  1868. 

(Abitnust) 

The  Solitaire  of  Rodriguez  was  first  satisfactorily  sliown  to  be  distinct 
from  the  Dodo  of  Mauritius  {Didu.'s  ineplu.i)  by  Strickland  in  I  S  11,  froiu 
a  reuewcd  examination  of  the  evidence  respecting  it,  consisting  of  the  ac- 
count given  by  Leguat  in  1 708,  and  of  the  remains  sent  to  France  and 
Great  Britain.  Strickland,  in  1848,  further  proved  it  to  be  generically 
distinct  from  the  Dodo.  The  remains  existing  in  Europe  in  Ls3  J  were 
eighteen  bones,  of  whicli  five  were  at  Paris,  six  at  Glasgow,  five  in  pos- 
session of  the  Zoological  Society  (since  transferred  to  the  British  Museum), 
and  two  in  that  of  Strickland,  who,  at  the  date  last  mentioned,  described 
them  as  belonging  to  two  species,  the  second  of  which  he  named 
phaps  minor t  from  the  great  difference  observable  in  the  size  of  the 
specimens.  In  1864  one  of  theaathors  visited  Rodriguez,  and  there  found 
in  a  cave  two  more  bones,  while  a  third  was  picked  up  by  a  gentleman  with 
bim.  All  theie  bonee  hafe  been  described^  and  most  of  them  figured,  m 
the  publieationeof  tbe  Zoologieal  Society,  and  in  the  Urge  work  of  StrU^- 
hind  and  Dr.  MelviUe 

Encouraged  by  his  former  success,  that  one  of  the  authors  of  the  present 
paper  who  had  before  been  to  Rodriguei  urged  Mr.  George  Jenner>  the 
magistrate  of  the  island^  to  make  a  more  thorougli  search  in  its  cares ;  and  in 
1865  this  gentleman  sent  no  less  than  e^Aty-one  specimens  to  Mauritius. 
These  were  forthwith  transmitted  to  London,  and  exhibited  at  a  meeting  of 
the  Zoological  Society  in  that  year,  when  it  appeared  that  the  notion  \nt- 
yiously  entertained  of  there  having  been  two  species  of  PetopAaps  was 
erroneous,  and  that  probably  the  difference  in  sise  of  the  specimens  was 
sexual. 

Newa  of  this  last  discovery  reached  England  during  the  meetmg  of  the 
British  Association  at  Birmingham,  and,  prompted  by  Mr.  P.  L.  Schter, 
that  body  made  a  liberal  grant  to  aid  fturther  researches.  Owing  to 
several  causes,  the  scarcity  of  labourers  in  Bodriguei  being  the  chief,  neariy 
a  year  elapsed  before  these  could  be  begun.  But  in  1866,  some 
eooliea  having  been  expressly  sent  thither  to  dig  in  the  caves,  a  very  large 
collection  of  the  bones  of  this  bird,  amounting  to  nearly  two  thcvtand  spe- 
cimens, was  obtained.  These  specimens  include  almost  all  the  most  im- 
portant parts  of  the  skeleton,  and  Aimish  the  authors  with  the  material  for 
the  present  paper.  - 

*  The  Dodo  and  its  Eiixlnd,  Itondon:  1848, 4to. 
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This  vast  series  of  specimens  shows  that  thera  waa  a  my  great  amount 
of  indiridual  Taiiability  in  the  bird,  so  mneh  ao  as  to  render  the  task  of 
dewiibing  them  minutely,  and  yet  genfrally,  a  very  difficult  one.   Yet»  in 

conseqaence  of  this  wealth  of  material,  the  authors  have  greater  confidence 
in  the  opinions  they  declare.  Professor  Owen,  haring  lately  published  a 
very  detailed  account  of  the  osteology  of  tiie  Dodo  the  present  paper 
foUowf  as  closely  as  possible  the  mode  of  treatment  he  therein  adopted*  the 
authors  thinking  that  they  are  so  consulting  the  convenience  ot  those  who 
may  wish  to  compare  the  structure  of  the  two  allied  birds*  Thanks  to 
him,  also,  they  have  been  able  themselves  to  examine  the  Tcry  specimens 
which  he  described ;  and  they  are  further  indebted  to  many  others — Mr. 
George  Clark  of  Mauritius,  rrofessors  Reinhardt,  Fritsch,  and  Alphonse 
Milne-£d wards,  Sir  William  Jardine,  and  Mr.  Flower,  for  valuable  assist- 
ance in  the  shape  of  models  or  other  additional  material.  To  Mr.  J.  W. 
Clark  they  also  mmtion  their  obligations  for  reconstriict.ing  from  speci- 
mens in  their  possesnon  the  skeletons  of  the  Dodo  and  of  two  Solitaires 
now  exhibited. 

The  description  of  the  latter  follows  in  much  detailt  the  amount  of  in- 
dividual variability  to  which  each  bone  was  subject  being  specially  dwelt 
on,  and  the  whole  compared  bone  by  bono  with  that  of  the  Dodo  and  also 
of  Didunciilus.  Pezophaps  differs  from  Diduneulus  quite  as  much  as  DidHM 
does,  but  it  is  ncsrly  allied  to  the  latter.  Still  there  are  important  dif* 
ferences.  The  neck  was  much  longer  than  in  Didm,  and  the  vertebrae^  on 
the  whole,  larger.  The  ribs  also  possess  perhaps  somewhat  thicker  heads 
and  articular  tubercles.  The  pelris  is  much  more  rounded,  and  approaches 
that  of  the  normal  Pigeons  much  more  than  that  of  DiJua  does ;  but  in  its 
posterior  portion  it  differs  very  remarkably  from  that  of  any  known  bird ; 
for  the  pubis  in  IHdiu  has  not  yet  been  discoYcred.  In  the  sternum 
Pe9cphap9  generally  agrees  with  Dtuftis,  but  has  some  distinctiTC  features. 
This  bone  shows  articular  surfaces  for  four  sternal  ribs  only,  instead  of  five, 
which  seems  to  be  the  normal  number  In  1Hdu$ ;  and  the  posterior  extre- 
mity, so  far  as  can  he  judged  from  the  imperfect  condition  of  the  specimens, 
is  very  unlike  what  it  is  in  that  bird ;  but  the  characters  dedudble  from  this 
last  portioulnbirdsgenendly  are  shown  to  be  very  mconstauL  The  **  scapular 
arch  "  differs  from  that  of  Diim,  its  constituent  portions  having  been  appa- 
rently never  anobylosed  as  is  the  normal  state  there,  and  oonsequently  resem* 
bling  in  this  respect  those  of  the  generality  of  birds.  The  anf^e  made  by  the 
junction  of  the  coraooid  and  scapula  cannot  be  accurately  determined,  but 
would  appear  to  have  been  not  much  less  than  what  it  is  in  Diilw.  The 
scapula  is  of  Tery  peculiar  form,  unlike,  so  far  as  known  to  the  authors, 
that  of  sny  bird,  being  inclined  somewhat  forward,  and  only  pointing  back- 
ward at  its  extremity,  where  it  becomes  spatdate  in  shape.  The  corscoid 
exhibits,  as  usual  in  this  Ttiy  significant  bone,  some  good  diagnostic  cha- 

*  **  On  the  Ostedlo^  of  the  Dodo  {tHdm  itupiu$t  Linn.),"  Ttmt,  £ool.  0oc^  voL  vi. 
pp^49-^. 
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racten.   It  is  much  atouter  tban  it  is  in  DmKm— a  faet  not  so  snrpriaiog 
when  the  exoeediogty  abnormal  fonn  it  there  MBumcs  is  taken  into  oond- 
deration*   At  its  sternal  end  it  differs  from  that  of  most  other  birdsp  in  the 
extension  and  rounding  off  of  the  outer  border.   Other  peculiarities  in  it 
are  also  described,  one  of  which  appears  to  he  Bezual.  This  is  the  snr&oe  to 
urhichihe  scapulais  articulated,  and  which  in  the  large  individuals  (presumed 
to  be  males)  is  roughly  quadrate,  while  in  the  smaller  ones  (the  supposed 
females)  it  is  triangular.   In  Pesopht^  ^e  hones  of  the  wing  are  more 
massive  and  smoother  than  in  Didugf  judging  from  such  remains  of  the 
latter  as  exist.   The  most  remarkable  thing  about  them,  however,  is  the 
presence  of  a  bony  knob  on  the  radial  side  of  the  metacarpal,  unlike  what  is 
found  in  any  other  bird.    It  is  large  iii  some  of  the  specimens,  supposed 
to  have  belonged  to  old  males,  but  very  little  dereloped  in  the  presumed 
females.    It  is  more  or  less  spherical,  pedunculate,  and  consists  of  a  callus- 
like  mass  with  a  roughened  surface,  exceedingly  like  that  of  diseased  bone^ 
and  was  probably  covered  by  a  horny  integument.    It  is  situated  im* 
mediately  beyond  the  proximal  end  and  the  index,  which  last  would  ap- 
pear to  be  thrust  away  by  it  to  some  extent.    It  answers  most  accurately 
and  most  unexpectedly  to  Leguat's  description  of  it: — **  L'os  de  raileron 
groMit  k  Tcxtrcmitc,  et  forme  sous  la  plume  une  petite  masse  londe 
comme  une  balle  de  monsquet."    A  description  of  its  structure,  as  ascer- 
tained microscopically  by  Mr.  J.  Gedge,  is  added.    The  extremity  of  the 
wing  is  wanting.    The  leg-boues  of  Pezophaps^  when  compared  with  those 
of  Difhts,  sllo^Y  more  strongly  developed  ridges  and  muscular  impression^ 
just  the  converse  of  wliat  is  observable  in  those  of  the  wing ;  but  the  leg- 
Ijoncs  having  been  minutely  and  correctly  deserihocl  by  prior  authors,  it  is 
unnecessary  here  to  say  much  of  them.    Part  of  the  skull,  too,  had  been 
ahcady  described  ;  but  tlie  only  specimen  then  known  was  so  lucrusted 
with  stalagmite  that  not  much  could  be  made  of  it.    The  present  rrmnins 
show  that  it  was  very  markedly  difTrTcnf  in  many  respects  from  tiiat 
Didua.    The  cranium  is  narrower  md  1  longer,  and  without  the  ji  ^  uli  u 
frontal  protuberance  of  J)l(/ufi,  being  lu  nrly  flat  at  the  top,  wiili  Uie  lure 
and  hind  ])art  elevated  into  two  bony  ridges  of  cancellous  strueUirc.  The 
upper  mandible  also  presents  a  remarkable  difference  from  that  of  Didtia, 
where  the  axes  of  the  nasal  process  and  the  maxillary  converge,  whereas 
in  Pezophaps  they  diverge.    Tiie  maxilla  also  was  relatively  very  small  ; 
and  the  mandible  dillered  by  being  much  straighter  above,  >liu\ving  a 
.salient  angle  ou  its  lower  edge  (winch  is  very  inconsiderable  in  l)ida,s),  .-md 
being  much  more  solid  posteriorly.    In  the  (juadrate  the  two  birds  are 
more  alike.    The  rest  of  the  bones  of  the  head  are  wanting. 

A  comparison  of  the  entire  skeleton  shows  that  Pezophaps  is  in  some 
degree,  and  jterbi.ps  on  the  whole,  intermediate  between  Didus  and  the 
normal  Columba;,  while  it  lias  some  featun  -,  such  as  the  armature  of  the 
wing,  quite  peculiar.  It  has  no  very  near  athmty  to  Didunndns  ;  indeed  that 
form  must  be  considered  the  type  of  a  separate  family,  thou^lj  not  so  aber- 
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rant  as  the  Didida,  which  must  be  looked  upon  as  the  most  remotely  con* 
nected  of  the  order  Columbse.  Strickland  was  amply  justided  in  arriving 
at  the  conclusion  that  the  Solitaire  of  Rodriguez  was  generically  distmct 
from  the  Dodo ;  but  it  seems  expedient  to  define  his  genus  Pezopkapt  more 
precisely.    Accordingly  the  following  characters  are  assigned  to  it : — 

Rostrum  mediocre,  curvatuni,  processu  nasali  ct  ramis  maxillaribus  antice 
divcrgentibus.  Frons  plana,  porcu  osseo-canccllatji  circumdata.  O.^sa 
coracoitlcn  robusta.  Alee  breves,  involatiles.  Mauus  singulifi  buUii  osseo< 
callosis  ar  i  n  ;^  t  :c .    Collum  et  pedes  longiores . 

In  like  ni aimer  the  rronus  Didus  may  be  defined  : — 

Rostnirii  magnum,  atiuncum,  processu  uasnli  et  rarnis  maxillaribusa  ntice 
convergcntibus.  Frons  tumidn,-  in  uinboiiem  hypoconicum  osseo-cancel- 
latum  snrgens.  Ossa  coracoidea  altenuata,  scapulas  obtuse  attingentia. 
Alee  breves,  involatiles.    Manus  inermes.   Collum  et  pedes  breviores. 

The  account  given  by  Leguat  oi  iiis  bolitaire  is  then  quoted  in  full,  as 
also  that  of  d'lleguerty,  the  latter  from  Strickland,  and  the  authors  pro- 
ceed to  remark  upon  the  ditferent  cftusca  of  extinction  of  species  withiu 
histuiic  time.  This,  when  effected  by  man's  agency,  is  seldom  done  by 
man's  will ;  and  various  cases  are  cited  to  support  this  opinion.  In  extir- 
pating species  man  generally  acts  indirectly ;  and  they  succumb  to  forces 
set  in  motion  indeed  by  him,  but  without  a  thou^rht  on  his  part  of  their  effect. 
In  the  case  of  the  extinction  of  the  Solitaire  of  llodriguez,  the  cause  usually 
suggested  seems  inadequate ;  and  the  authors  consider  it  was  probably 
effect!' J  by  feral  Swine,  and  quote  a  remarkable  passage  from  an  old  French 
Voyage,  biiowiug  the  extraordinary  abundance  of  llicbc  creatures  in  Mauri- 
tius, where,  in  or  about  the  year  1  708,  above  Ji/leen  hundred  had  been 
slain  in  one  day.  It  is  plain  that  where  these  abounded  inactive  birds 
could  not  long  survive.  It  is  supposed  that  the  case  was  the  same  in 
Rodriguex  as  in  Mauritius ;  for  in  every  country  newly  discovered  by  EorO" 
peaiiB,  it  has  been  an  almost  universal  cnatom  to  liberate  Pigs,  and  there  is 
no  reason  to  beliere  that  the  ishuid  fint  named  was  an  exception  thereto. 

The  extFaordinary  fidelity  of  Leguat'a  account  of  the  Solitaire  is  next  con* 
sidered.  It  is  borne  out  in  every  point  save  one,  perhaps,  by  a  study  of  the 
remains.  The  mgose  surface  at  the  base  of  the  maadlla*  the  convexity  of 
the  pelvis^  the  somewhat  lighter  w  eight  of  the  Solitaire  than  of  the  Dodo,  its 
capacity  for  runnings  and,  above  all,  the  extraordinaiy  knob  on  the  wing,  all 
agree  with  the  desoription  he  has  given  us.  The  authors  attempt  also  to 
account  for  the  origin  of  this  last  by  observing  that  its  appearance  is  so 
exactly  that  of  diseased  bone,  that  it  may  have  been  first  of  all  occasioned 
by  injuries  received  by  the  birds  in  such  combats  with  one  another  as  Ijeguat 
mentions,  and  aggravated  by  the  continuance  of  their  pugnacity;  The 
authors  remark,  also,  that  it  is  the  habit  of  Pigeons  to  fight  by  buffeting 
with  their  pinions. 

The  particular  in  which  Leguat  may  have  erred  is  in  the  assertion,  or 
perhaps  rather  inference,  as  to  the  monogamous  habits  of  the  Solitaire ;  and 
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the  cause  of  the  error  (if  such  it  be)  may  be  ascribed,  without  derogating 
from  }iis  truthfulness,  to  his  anxiety  to  point  a  mond,  which  may  have  led 
him  to  imagine  he  saw  Tt  hat  he  wished  to  IM*  He  especially  mentionfl  that 
one  sex  would  not  fight  with  the  other,  which  is  just  what  takes  place  among 
polygamous  birda.  The  ease  of  a  rery  well-known  Urd  {OtU  tarda), 
ahont  which  much  has  been  written,  is  then  cited,  to  abow  that  even  now, 
after  centuries  of  observation,  it  is  donbtM  whether  it  be  monogamons  or 
])olygamoii9.  Lcguat,  therefore,  may  easily  have  been  mistaken  in  his 
opinion,  even  setting  aside  his  evident  leamng  on  the  matter.  The  notioa 
of  l*e:ophap8\m\  \\\Q  been  polygamous  waf  before  entertained  by  one  of  tlie 
nutliora,  and  arises  from  a  consideration  of  the  great  difference  in  the  site 
of  the  two  sexes,  which  in  birds  is  generally  aeeompanied  by  polygamoos 
habits  ;  but  the  question  is  now  not  likely  to  be  solved. 

The  amount  of  variability  which  every  bone  of  the  skeleton  of  this  speciss 
presents,  warrants  the  condniion  that  ai  moeli  was  displayed  in  those 
parts  of  its  structure  which  haTe  perished^  letting  alone  Legnat's  diieet 
evidence  as  to  the  individual  difference  in  the  pinniage  of  the  fbmales*  If 
such  a  process,  tlicrefure,  as  has  been  termed  "Natnnl  Selection,"  or 
**  Survival  of  tlie  Fittest,"  esistSi  there  would  have  been  abnndaiit  roooi 
for  it  to  operate ;  and  there  having  been  only  one  species  of  P^wophapt 
might,  at  first  night,  seem  an  nrguuient  against  the  hdief  in  sodha  process. 
A  little  reflection,  however,  will  show  that  such  an  aigument  is  unsottndt 
Confined  in  a  space  so  restricted  as  one  snsll  i^and»  every  indmdaal  ef 
the  species  must  have  been  subject  to  conditions  essentially  identical  in  all 
cases.  Whatever  power  such  a  process  night  posscsi>,  then  woidil  ht 
neither  occasion  nor  opportunity  for  1(8  operation^  so  long  as  no  change  took 
place  in  the  physical  character  of  the  isliiiid.  But  if  we  venture  to  iadnlgf 
our  fancy,  and  consider  what  would  have  been  the  inevitable  lesolt  of  a 
Gradual  upheaval  of  the  island,  and  a  corresponding  eztensbn  of  its  ana 
until  it  became  vastly  increased  and  its  original  low  rounded  hills  wcfS 
exalted  into  mountains,  it  is  plain  that  a  great  variety  of  physical  C0B> 
ditions  would  be  thereby  incorred*  One  side  of  the  ijdand  would  he  ex- 
posed to  the  full  force  and  direct  inflome  of  the  trade-winds,  the  other  aide 
would  be  completely  sheltered  from  them.  The  climate  of  these  two  poiv 
tions  would  accordingly  differ,  and  a  great  difference  would  be  apeedily 
wrought  in  the  character  of  their  vegetation,  while  that  of  the  derated 
central  part  would  undergo  a  corresponding  modiflcatton.  Alter  some  longer 
or  shorter  period,  we  can  conceive  tiie  island  itself  being  broken  up  into  two 
portions,  separated  from  one  another  by  a  strait,  suoh  as  divides  the  North 
and  MiclJle  Inlands  of  New  Zealand.  This  rupture  would  certainly  tend 
still  more  to  affect  the  existing  fauna  and  flora;  and  at  the  end  of  another 
epoch  there  can  be  little  doubt  but  the  animals  and  plants  of  esch  portion^ 
exposed  to  ditfcrent  influences,  would  present  a  decidedly  different  appear- 
ance, and  the  eastern  and  western  islands  (supposing  the  separation  to 
have  taken  place  in  the  direction  of  the  meridian)  might  each  possess  its 
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own  special  iorui  of  Solitaire,  as  the  ialands  Gouposing  N«w  Zealand  hare 
their  peculiar  species  of  Aptenjx, 

But  it  is  only  in  such  a  case  as  has  just  heen  imngiued  that  considerable 
II loditi cations  would  be  likely  to  he  cfifected.  It  therefore  seems  to  be  no 
argument  against  the  cxlsteni  r  if  such  a  process  as  that  of  *'  Nnturnl  Selec- 
tion," to  find  a  small  occaiiie  island  tenanted  by  a  sinr/le  species  which  was 
subject  to  great  individual  Tariability.  Indeed  a  believer  in  this  thenr?  won  hi 
be  inclined  to  predicate  tliat  it  would  be  just  under  sncli  t  iicuniataiieeis 
that  the  greatest  amount  of  variability  would  be  certain  io  occur.  In  its 
original  state,  attacked  by  no  enemies,  the  increase  of  tlie  species  would  only 
be  dependent  on  the  supply  of  food,  which,  one  year  with  another,  would 
lioL  vary  much,  and  the  form  would  continue  without  any  predisposins;  cause 
to  change,  antl  thus  no  advantage  would  be  Lukeu  of  the  variability  of  struc- 
ture presented  by  its  individuals. 

On  the  other  hand,  we  may  reflect  on  what  certainly  has  taken  place.  Of 
the  other  terrestrial  members  of  the  avifauna  of  Rodriguez  but  few  now 
remain.  A  small  Finch  and  a  Warbler,  both  endemic  (the  fifit  belonging 
to  a  group  almOBt  entirely  confined  to  Madagascar  and  Ita  iatellites,  the 
Mcond  to  a  genus  extending  fiom  Aflte  to  Anitralia),  are  the  only  two 
1and*blrda  of  its  original  fkuna  now  known  to  eiist.  The  Chiinei^fowl  and 
Love-bird  have  in  all  probability  been  introdnoed  from  Madagascar ;  hut 
the  Pairots  and  Pigeons  of  which  Legnat  ipeaks  have  yanished.  The  r^ 
mains  of  one  of  the  first,  and  the  description  of  the  las^  lc«ve  little  room 
to  donbt  bat  they  abo  were  elosely  allied  to  the  forms  fonnd  in  Madagascar 
and  the  other  Hascarene  islands  \  and  thus  it  is  certsinly  dear  that  four 
ont  of  the  nia  indigenons  species  had  th«r  natural  allies  in  otfaar  qpe- 
cies  belonging  to  the  same  soological  province.  It  seems  impossibla  on 
any  other  reasonable  sappoeition  than  that  of  a  common  ancestry  to 
acconnt  for  this  fact.  The  anthers  are  compelled  to  the  belief  that  thcro 
was  once  a  time  when  Bodrignes>  Manritln^i  Bonrbon,  Madagascar^  and 
probably  the  Seychelles  were  conneotcd  by  dry  land,  and  that  that  time  is 
snffidently  remote  to  have  permitted  the  descendants  of  the  oiigfaud  inha^ 
bitants  of  this  now  submerged  continent  to  become  modified  into  the  many 
different  representative  fbrms  which  are  now  known*  Whether  this  result 
can  have  been  e£RBcted  by  the  process  of  Katnral  Seleetiaii  must  remain 
an  open  question ;  but  tiiat  the  Solitaire  of  Rodrigues,  and  the  Dodo  of 
Mauritius,  much  as  they  eventual^  came  to  difev  sprang  from  one  and 
the  same  parent  stockt  seems  a  dednetbn  so  obvious,  that  the  authors  can 
no  more  conceive  any  one  Mhf  acquunted  with  the  ftcts  of  the  case 
hesitating  about  its  adoption  than  that  he  can  doubt  the  existence  of  the 
Power  by  whom  theen  species  were  thu0  formed. 
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IV.  Description  of  the  great  Melbourne  Telescope."  By  T,  R.  Ro- 
binson, D.D.,  i'\U.^>.,  and  Thomas  Giiuiiii,  iiat^.,  F.R.S.  Re- 
ceived June  11^  lbG8. 

(Abstract.) 

The  anthoritiM  of  the  colony  of  Victoria  formed  (in  1662)  the  wisb  to 
establish^  in  connexion  with  their  new  obaerratorjrat  Melbonme,  a  power- 
ful telescope  for  observ  ing  the  Southern  Nebolae,  and  applied,  through 
the  Duke  of  Newcastle,  to  the  Pre&dent  and  Council  of  the  Royal  Society 
for  enoooragement  and  advice.  That  body  had  in  former  yean  glfcn 
much  attention  to  this  suijji  ct,  and  had  received  a  report  from  a  Com* 
mittee  on  it,  in  the  hope  of  inducing  the  British  GoTcmment  to  take  aoeh 
a  step.  The  same  Committee  was  consultedt  and  made  another  report 
almost  identical  with  the  first.  In  consequence  of  it,  the  Iiegidatuie  of 
Victoria  ordered  the  construction  of  the  telescope  in  1865*  whidi  was 
undertaken  early  in  the  following  year  by  Mr.  Grubby  under  the  direction 
of  a  Committee  consisting  of  the  late  Earl  of  Boss^  Dr.  Robin80ii»  and 
Mr.  W.  De  La  Rue.  After  Lord  Rosse's  death»his  son,  the  present  Rail, 
was  appointed  in  h»  stead  by  the  President.  It  has  been  very  suceew* 
folly  completed ;  and  it  is  thought  that  some  account  of  it»  and  the 
notable  things  that  occurred  in  its  progress,  may  deserre  a  record.  As 
an  introduction  to  this  aoeount»  a  notice  of  the  reasons  whidi  guided  the 
Committee  in  some  of  their  decisions  may  be  useAil. 

1.  They  chose  a  four*feet  Reflector^  because,  from  the  ezperieaee 
gained  wil^  Lord  Rosse's  and  Mr.  Lassell's  telescope,  tbey  were  fntifffifi! 
that  this  aperture  was  sufficient  for  the  work  proposed,  and  also  becanae  it 
had  not  been  proved  that  a  larger  one  could  be  equatorially  mounted  with 
the  requbite  firmness  and  ease  of  motion.  This  last^  however,  haa  been 
convincingly  disposed  of  by  the  present  experiment. 

2.  Tbey  chose  the  Reflector  in  preference  to  the  Achronmtic,  becauae 
it  is  not  probable  that  one  of  the  latter  will  ever  be  made  which  shall 
equal  a  four*feet  in  ligbt,  and  becausCi  if  it  were,  the  cost  of  it  would  he 
tremendous.  One  of  the  Committee  got  firom  a  great  continental  optician 
an  estimate  fi»r  one  of  30  inches,  which  would  have  amounted,  complete, 
to  ^20,000,  and  been  fitr  inferior  in  power.  Absurd  exaggeration  is  not 
uncommon  in  comparing  these  two  kinds  of  telescopes,  but  is  easily  refuted. 
A  speculum  reflects,  afUr  years  of  use,  0'64  of  the  incident  light,  ^diieh  is 
the  intensity  of  Herschel's  front  view.  In  the  Newtonian  the  coefficient 
is  0*401 ;  in  the  Achromatic  light  is  lost  from  two  causes: — first,  by  reflee- 
tion  at  each  of  the  four  surfaces  of  its  lenses.  This  can  be  calculated  from 
Frcsnel's  ibnmila,  and  gives  the  coefficient  of  intensity  0*81,  whence  the 
equivalent  to  a  four-feet  Newtonian  is  not  less  than  33  inches.  Seoondly, 
it  must  be  greater  than  this ;  for  no  glass  is  perfectly  transparent,  and 
therefore  absorbs  light  according  to  a  law  depending  on  its  thickness  and 
a  certain  constant.   Dr.  Robinson  discusses  this,  and  comes  to  the  con* 
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elusion  that  the  equivalent  Achromatic  will  certainly  not  be  less  than 
3  feet,  and  may  be  much  more.  He  adduces  experimental  facts  in  support 
of  this,  and  points  out  the  conditions  which  are  necessary  for  a  fair  com- 
parison of  the  two  kinds. 

3.  The  tube  was  to  be  metal  lattice-work.  This  plan,  originally  pro- 
posed by  Sir  J.  Herschel,  had  been  tried  ])y  Lord  Rosse,  Mr.  Lassell,  and 
Mt.  W.  De  Ia  Rue,  with  marked  advantage  ;  its  main  purpose  is  to  dimi- 
nish the  enh  caused  by  currents  of  unei^ually  heated  air  eddying  in  the 
tube. 

4.  They  decided  that  the  specuhim  should  be  metal,  and  not  silvered 
glfls>.  It  seemed  imprudent  to  risk  the  success  dF  the  nndertakinL;  by 
venturing  on  an  experiment  whose  success  was  not  assured;  it  was  not 
known  whether  the  silver  could  be  uniformly  deposited  on  so  large  a 
scale ;  some  facts  appear  to  show  that  glass  is  more  liable  to  irregular 
action  than  speculum  metal ;  and  the  intensity  of  the  light  in  these  tele- 
scopes is  not  as  great  as  had  been  expected. 

5.  The  telescope  was  to  be  a  Casscgrain,  not  a  Newtoiiiaii  ;  and  this 
was  the  resvdt  of  long  discussion.    This  I'orni  is  iiltle  known,  for  Newton's 

B  hostility  to  it  has  created  a  prejudice  ngainst  it.  Its  chief  defect  is  the 
difficulty  of  getting  a  magnifying  power  so  low  that  the  eye  can  only  take 
iu  the  whole  pencil,  as  the  first  image  is  magnified  from  five  to  six  Umes 
by  the  second  speculum.  This  requires  a  huge  *eyepieoe,  of  wliich  the 
leiues  are  costly,  and,  by  their  thickness,  intercept  light*  One  defect 
attributed  to  it  by  Newton  prores  to  be  an  adTantage ;  he  thought  that 
tbe  reflection  of  metal  is  like  that  of  glass,  faintest  at  perpendicular  inci- 
dence, but  increasmg  in  intenritj  with  tbe  obliquity ;  therefore  brighter  in 
his  telescope  at  45^  than  in  the  other  nearly  perpendicnkr.  But  it  is  now 
known  that  the  Uw  ia  different,  so  that  tbe  reflection  at  45^  is  less 
powerful  than  the  other.  The  chief  adTantage  of  the  Casaegroin,  and 
that  which  influenced  the  Committee,  is  its  extreme  eouTenience  to  the  ob- 
server ;  he  is  near  tbe  ground,  and  has  to  moTC  through  a  small  space  to 
command  the  whole  sky,  instead  of  standing  on  a  structure  nearly  40  feet 
high,  which  cannot  be  used  without  fatigue  and  even  danger. 

Then  formulae  are  given  for  finding  the  constants  of  the  telescope;  the 
foci  of  its  speeula  are  366  and  75  inches,  its  lowest  power  240,  and  its 
extreme  field  of  view  14'*d. 

The  compositioa  of  the  specula  is  Lord  Bosae's,  four  equivalents  of 
copper  and  one  of  tin,  respectmg  which  much  detail  is  given;  and  stilt 
more  of  the  process  of  casting  the  first  speculum,  which  took  place  July 
3,  1866.  This  was  managed  according  to  the  method  of  Lord  Bosac, 
with  some  modification,  caused  by  tbe  necessity  of  having  a  projecting 
band  round  the  edge  of  the  speculum,  and  an  aperture  iu  its  centre.  It  was 
conducted  without  acddent,  and  safely  transferred  to  the  annealing-oven,  in 
which  a  thermocouple  of  platinum  and  iron  was  inserted,  which,  at  the 
end  of  twenty*four  days,  showed  that  it  was  completely  cooled.   It  came 
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out  perfectly  sound,  but  was  a  little  "  in  winding/'  and  had  Lord  Rosse's 
"  Crowsfeet  *'  on  part  of  its  surface.  These  might  have  been  grotmd  out, 
but  Mr.  Grubb  preferred  recasting  it.  It  was  broken  by  an  iron  ram  of 
70  lbs.  falling  four  feet.  When  the  blows  were  applied  through  a  bar  of 
wood,  they  did  nothing ;  but  the  first  one  through  iron  broke  it  into  four 
eqaal  pieces.  These,  when  put  together,  fitted  exactly,  showing  that 
there  was  no  unequal  shrinkage  in  cooling.  Some  changes  were  made 
before  the  second  casting,  on  Sept.  22.  The  hoop-bed  of  the  mould  was 
much  strengthened ;  the  core,  which  formed  the  central  aperture,  and 
seemed  to  interfere  with  the  regular  flow  of  the  metal,  was  raised  1^  inch 
above  the  mould ;  and  this  last  set  on  a  strong  cast-iron  frame,  which 
could  be  inclined  at  pleasure.  It  was  sloped,  so  that  at  the  first  part  of 
the  pouring  the  melted  alloy  filled  it  from  its  lower  edge  to  its  middle ;  it 
was  then  lowered  rapidly  to  be  horizontal  while  the  pouring  was  com- 
pleted. When  it  came  from  the  orcn,  the  central  disk,  which  was  under 
the  core,  was  cut  out.  Tliis,  as  well  fti  the  third  Gftitiii|^  which  yne  madt 
November  24,  came  out  perfect. 

A  description  is  given  of  the  polishing  machine,  which  is  remarkable 
for  its  smooth  and  equable  action,  and  not  less  so  for  the  facility  it  gives 
of  testing  the  figure  of  the  speculum  during  the  polishing.  Removing  the 
polisher  (which  is  built  up  of  wood,  so  as  to  combine  great  strength  and 
lightness),  one  man,  by  turning  a  winch,  sets  the  speculum  uprigiit.  Doors 
are  opened,  and  by  an  eyepiece  properly  placed  a  dial  or  artificial  «tar  at  a 
suitable  distance  is  examined.  The  specula  were  ground  flat  at  their  back* 
and  true  nt  their  edges ;  and  their  focal  lengths  differ  only  1  J  inch. 

Not  less  important  than  the  perfect  figure  of  a  speculum  is  its  being  so 
supported  both  at  the  back  and  edge  that  it  may  be  subjected  to  no  irre* 
gular  pressure,  for  to  such  it  is  almost  inconceivably  sensitive.  The  ar* 
rangementg  to  secure  this  are  very  elegant*  and  have  proved  entirelj  ane*- 
cessful. 

The  lattice  of  the  tube  consists  of  steel  bars  j  thick,  and,  on  arera^e, 
2=}  broad,  forming  openings  of  1 7  by  9  j  it  is  very  Ught,  and  so  stiff  that 
I  cwt.  produced  only  a  deflection  inch  at  20  feet.  The  mode  of  sup- 
porting the  small  specula  is  described,  and  the  mechanism  by  which  the 
moving  of  them  for  focal  adjustment  is  made  easy  to  the  ohserrer.  One 
of  tlicse  specula  is  peculiar;  it  is  an  achromatized  lens,  whose  coincident 
sui  farpR  nre  cemented  ;  its  front  one  so  curved  that  there  can  be  no  false 
image  formed  hy  it,  its  fourth  coated  pretty  thickly  with  silver.  This  will 
be  more  permanent  than  the  metal,  nnd  is  expected  to  give  more  light. 

The  equatorial  is  worthy  of  the  telescope.  By  inverting  the  usual 
arrangement  of  the  polar  axis,  the  eyepiece,  circles,  and  centre  of  gravity 
of  the  whole  are  hrought  near  the  ground  ;  each  axis  is  provided  with  three 
sets  of  eoimterpoises ;  the  polar  with  two,  which  relieve  if^  pivots  of 
lateral  pressure;  the  third  lip'hfejis  the  end  ]»ressnrc  of  the  lower  one. 
Those  of  the  dccliuatiou  axes  act,  two  in  its  plane  parallel  and  perpendicnlar 
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to  it»  the  third  pandlel  to  the  polar  axii.  They  are  bo  effectiTe,  that  5  lbs. 
at  a  leverage  of  20  feet  tunu  the  polar  axis ;  12^  the  deelinatioii  one.  A 

man  can  raise  the  telescope  from  the  horison  to  the  zenith  in  20  seconds ; 
two  (as  both  axes  must  be  turned)  can  reverse  it  from  the  east  side  of  the 

pier  to  tlie  west  in  45  seconds. 

The  telescope  is  moved  in  right  ascension  by  a  sector  and  screw  driven 
by  a  very  effective  clock.  Tlie  regulator  of  this  is  so  powerful,  that  an 
addition  of  2  cwt.  to  its  dhving-weight  only  makes  it  gain  six  seconds  in 
the  hour. 

The  micrometer  has  an  original  mode  of  illuminating  its  lines  in  a  dark 
field,  which  has  been  found  veiy  suitable  for  nebulae. 
The  8peotrosco[)e  is  on  the  usual  plan,  but  with  special  provision  for  the 

permanence  of  its  adjustments. 

The  instrument  is  also  provided  with  a  photographic  apparatus,  nearly 
like  Mr.  I)e  la  Hue's  celebrated  one,  which  (the  small  speculum  being 
removed)  h  placed  ut  the  fucus  of  tlie  great  speculum.  A  few  trials 
made  with  an  oxtrniiporizcd  one  gave  pictures  which  that  gentleman  con? 
sidered  to  be  of  great  promise. 

A  high  opinion  is  expressed  both  of  the  optical  and  astronomical 
powers  of  the  instrument. 

Jum  18, 1868. 

Lieat.-General  SABINE^  President^  in  the  Chair. 

Prof.  OUfton,  Dr.  J.  Barnard  Davis,  Dr.  Danean,  Dr.  Pettigrewi  Mr* 
Btone  and  Mr.  Tauz,  were  admitted  into  the  Society. 

The  following  commnnicatioos  were  read 

L  "A  Contribution  to  the  Knowledge  of  Persulpliide  of  HytUoi^ru.*' 
By  A.  W.  IloFMANN,  LL.D.,  F.ll.S.    llcceivcd  May  25/l8G8. 

This  remarkable  body  was  iirst  observed  by  Bcheele,  and  snbsefpiently 
examined  by  Berthollet;  onr  knowledge  of  this  substance  is!*  however, 
more  especially  due  to  Tbenard>  who»  soon  after  the  discoveiy  of  peroxide 
of  hydrogen,  was  led  also  to  Investigate  what  was  believed  to  be  the  cor- 
responding snlphnr-compound  *.  The  composition  of  persolphide  of  hy- 
drogen has  nevertheless  remained  doubtful.  Thenard  points  out  that  the 
specimens  analysed  by  him,  contained  variable  quantities  of  sulphnr,  but 
idways  more  than  would  have  been  met  with  in  a  sulphur^oompound  cor- 
responding to  peroxide  of  hydrogenf . 

*  Atin.  (le  Chim.  ct  dc  V\\y^.  vul.  xlviii.  p.  70. 

t  Tlu  nard  states  that  nil  his  analyses  jielded  tnoro  than  4  atoms  of  tulphnr  for  1 
moWuIe  of  milphnrcttod  hydrogni. 

2q2 
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ir,  ncvcrtlirlcss,  spvcral  modern  authors  \mvQ  not  lirsitaied  to  represent 
the  composition  of  persulphide  of  hydrogen  bj  the  formula 

with  or  ititbout  a  sign  of  interrtigation,  their  Btatemento  are  no  longer  bnied 
upon  the  aecare  fonndfttion  of  experience. 

Of  late  peculiar  drcnmstaneea  have  again  directed  the  attention  of 
ebemiats  to  this  remarkable  compound.  Among  the  technieo-ehenucal 
aapirationt  which  the  Paris  Exhibition  haa  brought  to  lights  none  hare 
been  receiTed  with  more  satisfaction  than  the  efforts^  manifested  in  a  varied 
of  forms,  of  resttscitating  for  the  purposes  of  indnstiy  the  ipuntitiet  of 
mlphur  buried  in  the  mountains  of  soda-waste,  which  accumulate  in  the 
neighbourhood  of  our  factories.  Chemists  hare  more  espeeiallj  admired 
the  prooenes  by  which  M,  Schaffher  on  Che  one  hiudt  and  Messrs  P.  W. 
Hofmann  and  P,  Bnquet  on  the  other,  have  endeavoured  to  solve  this 
problem.  In  certain  phases  of  the  reactions  utilised  for  this  purposci 
enormous  cpumtitiei  of  persulphide  of  hydrogen  are  frequently  prodnoed; 
and  only  lately,  when  visiting  the  chemical  works  al  Dienxe»  where  the  snl- 
phur  is  regenerated  on  a  colossal  scale,  the  author  of  thb  Kote  has  had  an* 
opportunity  of  experimenting  with  many  kilogrammes  of  this  interesting 
Bulphur-compound. 

Under  these  circumstances  the  author  has  examined  with  great  interaat  a 
compound  which  he  discovered  by  acddent,  and  the  analysis  of  which 
appears  to  throw  some  light  on  the  composition  of  the  persulphide. 

On  adding  a  cold  saturated  solution  of  strychnine  in  strong  alcohol  to 
an  alcoholic  solution  of  polysulphide  of  ammonium,  brilliant  ciystalfine 
ppangles  soon  begin  to  appear  in  the  liquid,  and  after  twelve  hours^  the 
walls  of  the  vessel  are  covcved  with  beautiful  orange-red  needlee,  frequent^ 
attaining  the  length  of  a  centimetre,  which,  after  the  removal  of  the 
mother-liquor,  have  to  be  washed  only  once  or  twice  with  cold  alcohol,  in 
order  to  render  them  perfectly  pure.  The  crystals  are  insoluble  in  water, 
alcohol,  and  ether,  also  in  bisulphide  of  carbon ;  indeed  I  have  not  yet 
found  a  solvent  from  which  they  could  have  been  recfystallised. 

Analysis  has  led  to  the  formula 

C„  H,.  N,  O,  S,=C„  U„  N,  O,,  H.  S,. 
Hence  the  crystals  are  a  coinpoimd  of  1  mol.  of  strychnine  with  I  mol.  of 
a  persulphide  of  hydrogen,  of  the  composiiion 

Indeed  tlic  strychnine-conii)Ound  splits  up  in  tlie  «;onso  of  tlic  altovc  con- 
ception. In  contact  with  concent raied  sulphuric  acid  the  or.inge-red 
crystals  arc  decolorized,  and  on  addition  of  a  5:mall  quantity  of  water,  co- 
lourless, transparent,  oily  droplets  of  persulphide  of  hydrogen  are  sep.irate<I, 
sulphate  of  strychnine  remaining  in  solution,  Tho  nily  drops  remain  nn- 
filtc  red  for  some  time,  but  are  ultimately  decomposed  into  sulphur  and 
sulphuretted  hydrogen. 
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The  investigation  of  this  sharply  deBned  strychnine-compound,  which 
can  be  preserved  for  months  %Yithout  undergoing  uny  decompositioo,  goes 
far  to  prove  the  existence  of  a  persiilphide  of  hydrogen, 

it  is,  however,  by  no  means  improbable  that  compounds  of  hydrogen  and 
sulphur  in  Mveiil  proportions  may  exist. 

The  fomution  of  the  strychnine-compound  which  I  have  described, 
and  whieb  I  have  often  prepared  with  the  same  reiulty  eoold  not  ikil  to 
lead  to  an  examination  of  several  other  alkaloids  in  a  similar  direction. 
Quinine,  eindionine,  bmcine,  and  several  other  vegetal  bases  were  re- 
peatedly submitted  to  the  action  of  an  alcoholic  solution  of  polysulphide 
of  ammouinmi  hnt  In  no  case  were  similar  phenomena  observed. 

The  compound  of  stryehnine  with  persulphide  of  hydrogen  is  remarkable 
for  its  insolubility.  An  alcoholic  solution  containing  2*03  grs.  of  strychnme^ 
when  mixed  with  an  alcoholic  solution  of  polysulphide  of  ammonium  and 
allowed  to  stand  for  twelve  hours,  was  found  to  have  deposited  2*287  grs. 
of  the  red  crystals,  t.  e*  87*2  per  cent,  of  the  theoretical  amount.  It 
deserves  to  he  examined,  whether  the  property  possessed  by  strychnine,  of 
forming  so  insoluble  a  compound  with  persulphide  of  hydrogen,  oonid  not 
be  utihsed  for  the  purpose  of  preparing  this  alkaloid,  and  in  certain  cases 
even  for  its  detection  and  separation  from  other  substances  with  which  it 
might  be  mixed. 

II.  ''Note  on  the  Anatomy  of  the  Blood-vessel  System  of  the 

B«tiDa  of  the  Hedgehog."    By  J.       HuLKB,  F.B.St  Be* 

ccived  May  20,  18G8. 

(Abstract.)  • 

This  retina  is  very  remarkable  for  the  fact  that  all  the  arteries  and 

m 

veins  lie  upon  the  inner  surface  of  the  membrana  limitans  interna  retins. 
In  intimate  rebtion  with  the  membrana  hyaloidea ;  while  capOlaries  only 
traverse  the  limitans,  receiving  a  sheath  from  it,  and  penetrate  the  inner 
layers  of  the  retina.  The  hedgehog's  retina  is  in  this  respect  a  link  be- 
tween the  non-vaseular  retina  of  fish,  amphibia,  reptiles  and  birds,  and 
the  vascular  retm«  of  most  mammals. 

III.  "  Researches  on  Refraction-Equivalents.^'   By  J.  H.  Gladstonk, 

Ph.D.,  1  .R.S.    Received  May  29,  18G8. 

Since  the  paper  of  the  Rev.  T.  Pelhain  Dale  and  myself  On  llic  Kc- 
fraction,  Dispersion,  and  Sensitiveness  of  Liquids  our  rescnrt  hcs  Imvc 
been  continued  from  time  to  time,  and  a  good  dcnl  of  attention  hai>  been 
paid  to  the  subject  in  Germany.   The  permanence  of  the  specific  refractive 

•  Philosophical  TnuwwtioD*,  1663^  p.  317. 
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energy  of  a  liodj,  DOtwithstanding  cliaiige  of  temperature,  aggregate  con. 
dition,  aoltttion,  or  even  ebemical  eombinntion,  haa  been  coaftnned«  and 
upon  this  haa  been  huUt  the  doctrine  of  Eefractiou-equiYaIeiita« 
Oar  "  specific  refiactive  energy  "  is  the  refractiTe  index  of  any  substance 

,1  —  1  ^ 

minua  unity,  divided  by  the  density  :  ni  synibohc  language  Pro- 
feSBor  Landolt's  **  Befraction-equiTaleiit "  is  the  same  multiplied  by  the 

fi—  1* 

chemical  equivalent,  or  P  — ^— 

The  largest  generalization  arriyed  at  is  that  the  rcfraction-eqaivalent  of 
a  compound  is  the  sum  of  the  refraction-equivalents  of  ita  oonatitaents. 
Tliis  has  been  sufficiently  proved  in  a  multitude  of  instances  among  the 
compounds  of  carbon,  hydrogen,  and  oxygen,  and  it  haa  been  shown,  or 
assnmed  to  be  the  case,  in  the  combinations  of  many  other  denioituj 
bodies** 

My  more  recent  researches  have  branched  off  into  several  lines,  bat  an 
especial  attempt  haa  been  made  to  anawer  the  following  queations.  Have 
any  of  the  elements  more  than  one  definite  refraction-equivalent?  and 
what  are  the  refraction-equivalenta  of  the  metallic  elements?  A  laige 
mass  of  observations  bearing  on  these  points  haa  been  gathered  together, 
and  more  or  less  collated,  but  it  is  yet  imperfect,  and  my  present  object  is 
rather  to  bdieate  the  principal  method  of  inquiry  than  to  pnbli^  the 
actual  results. 

As  the  metals  are  opaque,  their  refractive  indices  cannot  be  determined 
in  a  direct  manner  as  those  of  gaseous  hydrogen,  liquid  phoaphoma»  crys- 
tallized carbon,  and  other  transparent  elements  have  been.  An  attempt 
must  therefore  be  made  to  determine  their  effect  on  the  rays  of  li|^t  by 
examining  their  compounds ;  but  their  ciystalUne  salts  are  very  freqoently 
doubly  refracting,  owing  to  %ome  peculiarities  of  internal  structure,  and, 
where 'they  give  only  one  apectmm,  there  are  practical  difficulties  about 
the  experiment  that  are  not  encountered  in  dealing  with  liquid  hodiea. 
The  solutions  of  theae  salta  have  only  one  refraction,  and  it  occurred  to  me 
that  they  m^t  affbrd  an  eaay  meana  of  determining  the  refraction-eqoim- 
lenta,  firsts  of  the  compounds  themselves,  and  secondly,  of  their  metallic 
and  other  conatituenta.  In  practice^  many  sources  of  error  piesentod 
themselves*  all  of  which  tell  upon  the  nltimate  result,  and  which  neccasi 
tated  improved  apparatus,  and  great  care  both  in  preparing  the  aolntiona 
and  in  talcing  the  observations. 

The  method  generally  adopted  was  aa  follows : — An  amoont  of  salt  re- 
presenting the  dbemical  equivalent  was  dissolved  in  n  equivalents  of  water, 

*  Siv  Brit.  AwfH'iutiou  Report.,  T^C).";,  Tnuisaction-t  of  Sf*rtions,  p.  12.  Thid.  1868i, 
p.  u7.  Journal  of  iho  CheuiictU  Society,  ser.  2,  vol.  iii.  p.  106.  Lauduit,  i*ogg. 
Aanaleii  der  Fhysik  und  Cbsniie,  vols,  ami.,  caoLt  and  osxiii  Kettel«r,  1T«ber  di» 
Farbenzoratreuung  der  Q«ae»  1865.  Haagen,  Fogg,  Annaloi,  vpt  cniii.  p.  t2&. 
Sckimtit  Pogg.  Amulan,  loL  ceonrii.  p.  344.  Wiilhior»  Fogg.  AnnsloD,  vol  onsiii  p.  1. 
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and  the  refractive  uuiex  and  tl  naiiy  of  the  solution  were  taken.  Fiom 
these  was  reckoned  the  rpfrnpHon-equivaleut,  and  subtracting  from  this  n 
times  the  retraction-cquivakut  of  water  for  the  solar  line  A,  there  remained 
the  refraction-equivalent  of  the  dissolved  Kait  lor  tliat  part  of  the  g]>ec- 
trum.  That  this  fairly  represents  the  action  exerted  on  light  by  the 
chemical  compound  itself  is  supported  by  several  cmi^iderations,  1st.  In 
the  few  cases,  such  ais  clih  ride  of  sodium  and  su<j;ar,  where  the  refraction- 
equivalent  of  the  substance  lias  been  obtained,  both  in  the  solid  and 
dissolred  condition,  it  k  found  to  be  the  same.  2nd.  Solutions  of  several 
organic  substances,  such  as  formic  and  citric  acids,  give  the  tiit  Dretically 
correct  equivalent  for  these  substances.  3rd.  The  refraction-equisalunt  of 
a  salt  seems  to  be  the  same,  whether  it  be  dissolved  in  water  or  in  alcohol. 
4th.  The  refraction -equivalent  of  a  salt  in  solution  is  imt  affected  by 
altt  rliig  tlic  auiouiit  of  water  in  which  it  is  dissolved,  oth.  The  numbers 
reckoiiLd  i'of  these  salts  in  solution  bear  tjiich  u  rcmurkiiblc  rclatiou  tu  one 
another  as  to  force  the  tOiivicliua  that  tliey  are  made  up  of  two  compo- 
nents, the  one  depending  on  the  metal,  the  other  on  the  substance  com- 
bined with  it.  To  exhibit  the  nature  and  force  of  this  argument,  it  would 
be  necessary  to  tabulate  a  long  series  of  results ;  but  for  the  present  I 
shall  confine  myielf  to  the  salts  of  potassium  and  sodium  with  the  corre* 
iponding  hydrogen  compoundi. 


Diwolvod  compoutid. 


Oonunon 


Uefraction-equivaleuts 


.2  o 


-  o 

a.    -  3 


1^ 


Chloride  

Bromide 

Iodide   ,*  , 

Cyanide...*  

Sulphocyanida  . 

Nitnito   ,. 

Metaphosphate . 

lljdrato  

Alooholate  

Forniiuto   

Acetate  .t  

Tartrate  

Carboautc  

Solphate   

Bicliroinato  . . . . 
HypophoftpUile. 


MCI 
MUr 
MI 
MNO 

MSNC 
MKO, 
MPOj 

MHO 

MOJITO 

MCiro^ 
McnjO., 

M  O.H^O 

M.SO, 
M.Cr.O, 


18  44 

20-  34 

17 12 

33  40 

21-  80 

12-82 
27-08 
19i»3 
27«5 
nlGO 

30-.*>5 
79-9 


I  i.vn 

I  21-70 
31 


19-  48 

921 
24  28 
1003 
24'»t:. 
5030 

2H-;y5 

20-  20* 
72-9 
20-&3 


From  the  above  numbers  several  conclusions  may  be  safely  drawn.  First, 

*  Oniis  ttimiber  aeems  t(»  be  too  high,  hot  it  U  the  mean  of  fiurly  aoootda&t  results. 
It  is  i^ecCed  in  the  odenlalion  of  avemgB  dtffapsnee  betinaeu  potssrium  end  Bodium. 
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it  is  cvidciil  tiiat  the  rcfractioii-e»|uiwiK'iit»  of  the  co]ii])oit]i*ls  of  puiassium 
diilVr  very  widely  according  to  the  nature  of  the  eketro-negative  con- 
stituents ;  again,  that  the  rcfrnction-eqiUTalcnts  of  the  compountls  of 
budiuni  dhTer  pari  passu  with  those  of  tlic  potassium  coinpoiiadr,  being 
always  less  hy  a  number  varying  from  3  0  to  .'li).    From  this  it  may  be 
fairly  concluded  that  the  cleetro-negative  constituent  lutij  the  same  effect  on 
light,  whichever  metal  it  is  united  with,  and  thai  the  refraction-equivalent 
of  potassium  exceeds  that  of  sodium  by  3  -1,  or  thereabouts.    But  does  the 
Table  alford  the  data  for  determining  the  absolute  equivalent  of  one  or 
other  of  these  metals  .'    It  was  at  first  thoiiLrlit  that  this  would  be  arrived 
at  by  a  comparison  of  the  metal  with  hycliogen,  the  refraction  equivalent  of 
which  has  hitherto  been  eslimated  at  13  (or  \  \^  in  the  case  of  water)  ;  but 
the  last  column  shows  that  the  dhlcrence  between  potassium  and  liydrogen 
is  not  always  the  same,  the  difTerences  i)cing  greater  than  can  be  attributed 
to  errors  of  observation.     Indeed  the  numbers  seem  to  fall  into  two 
groups:  with  the  mineral  acids  the  difTerences  lie  between  4'0  and  \  J, 
while  with  water,  alcohol,  and  the  organic  acids,  they  arc  always  upwards 
of  6,  varying  indeed  from  G*  J  to  0*8,  the  average  being  6\"i5.    But  it  ia  in 
tliese  last-mentioned  compounds  that  the  equivalent  of  hydrogen  is  believed 
to  be  1*3.    Assuming  this,  we  may  reckon  the  rcfractiuu-cquivalent  of 
jiotassium  to  be  about  6*55 '3,  that  is,  7'85.    We  have,  however, 
other  means  of  arriving  at  an  estimation.    Chlorine,  in  sueh  bodies  as 
chloroform  or  tetrachloride  of  carbon,  is  represented  by  l)*8.  Again, 
cyanogen,  from  the  experiments  of  Dulong  on  the  gas  itself,  may  be  take:i  at 
*J'2    Sul])hur  has  a  refraction  of  16'0;  hence  sulphocyauogen  may  be* 
reckoned  as  16-0  + 9*2,  that  is,  25*2.    Subtracting  these  numbers  from 
those  of  the  respective  potassium  salts,  we  obtain  the  cquivali  nt  uf  the 
metal.    Thua  from  different  souices  we  may  calculate  for  the  value  of 
potassium 


From  the  chloride  •  •   8*6 

M  cyanide....   7*9 

49  sulphocyanide  •   6*2 

„  hydnte   8*3 

M  alcoholate   8*1 

M  formiate    7*8 

M  acetate   7*7 

,t  tartrate   7*& 


These  numbers  are  tolerably  close,  though  the  equivalent  of  potassium, 
deduced  from  its  inorganic,  would,  on  the  whole,  be  higher  than  that 
deduced  from  its  organic  compounds.  The  mean  of  the  first  four  compii* 
tations  ia  8*2,  that  of  the  last  four  7*8.  ^  Perhapi^  pending  further  le- 
searcheaf  it  will  be  beet  to  aaanme  the  mean  of  theie  numbefe* 

Potasaium.  =  8*0 ; 
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wad  since  a  sodium  salt  has  n  refraction-equivalent  generally  3*4  lower 
than  the  conespondmg  potassium  salt,  we  may  redion 

Sodinm  b4*6*. 

If  instead  of  taldng  the  refractton^equiTalent  P  reckon  the 

specific  lefractiTC  energy        we  obtain  the  following  values : — 

Potassium   0*205 

Sodium  ,   0-200 

This  implies  that  equal  quantities  of  these  two  analogons  metals  exert 
very  nearly,  if  not  precisely,  the  same  effect  on  the  velocity  of  the  rays  of 
light. 

Another  deduction  from  the  above  Table  is  that  already  alluded  to  in 
n^rd  to  hydrogen  ;  while  in  the  organic  acids  it  probably  has  the  known 
refraction-equivalent  1*3,  it  would  seem  that  in  the  others,  viz.  hydro- 
chloric, hydrobromic,  hydriodic,  nitric,  metaphosphoric,  and  sulphuric 
acids^  it  has  n  very  much  higher  refraction-equivalent,  one  in  fact  which  is 
little  less  than  sodium,  and  falls  short  of  potassium  by  only  about  4*3. 
Hence  we  may  we  deduce — 

Hydrogen  in  organic  compounds  •  • . .  ^1*3 
Hydrogen  in  mineral  acids  as3*7 

How  fiir  this  condnsion  may  hold  good  throughout,  and  whether  one 
number  should  be  an  exact  multiple  of  the  other  number,  must  remain  to 
be  determmed  by  future  observations.  It  appears,  however,  to  answer  m 
the  affirmative  the  question  whether  an  element  can  have  more  than  one 
definite  refraction^equivalent. 

Of  coarse,  from  the  Table  given  above,  it  wonld  be  tuj  to  deduce 
values  for  each  of  the  clectro-negntive  constituents ;  but  it  wonld  be  safer 
to  generalise  from  a  larger  number  of  instances. 

The  series  of  observations  on  potasisum  and  sodium  salts  are  the  most 
complete  and  the  most  carefully  revised  of  any  which  have  yet  been  made ; 
but  if  their  refiraction-equivalents  are  fixed,  it  becomes  a  much  ampler 
matter  to  determine  those  of  most  other  metals.  Thus,  of  lead  the  nitiate 
and  aoetate  have  alone  been  exammed ;  but  as  the  refraction-equivalents 
reckoned  for  these  salts  differ  from  those  of  the  conresponding  potassium 
compounds  in  each  instance  by  4*1,  the  presumption  is  great  that  the 
refraction-equivalent  of  lead  is  very  near  8'0<f  4*1,  or  12'1« 

The  following  are  numbers  deduced  from  two  or  more  salts  of  each 
metal.  They  must  be  looked  upon  only  as  approximately  true,  and  any 
subsequent  modification  of  the  value  8*0  for  potassium,  must  lead  to  a 
corresponding  modification  of  the  whole  series. 

*  llaogen,  irom  the  cryEtailino  chloride,  detormincd  tbo  rc£racUon<equivaleut  of 
aodiun  for  tho  bjdrogoi  liiie  if  at4'€M>. 
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VkiKMA  K.«Uft  1 

Specific 
refimctiT© 
energy. 

otJ 

3Ea 

4  0 

7 

oli 

Oaa7 

9Jr 
«r7 

IroUW 

M  c  ft  fe#  ft  ft  %  ft  ft  ft 

Irl  14 

43-8 

G'5 

0148 

20 

u-2 

02t?0 

^20 

4-8 

0-147 

TkT'  1,„1 

IT.  v.) 

.»1 

0-17^ 

2U4 

52 

0-177 

Lead  

103-5 

121 

0-117 

ICQ 

9-S 

0098 

18 

11-4 

0-633  1 

These  numbers  are  suggestive  in  many  ways ;  but  I  will  only  remark 
the  very  high  refractive  energy  of  Uthium,  the  practical  identity  of  nickel 
and  cobalt,  aiul  the  remarkable  fact  that  the  specific  refractive  energy  uf 
the  metuU  are  (with  one  or  two  exceptions)  iu  the  iuversie  order  of  their 
atomic  weights. 

IV.  "  A  Third  Memoir  on  8ke«r  Sadaees,  otherwise  Serolb/''  By 
Prof.  CAYLtY.    Received  May  30,  18G8. 

(Abfltraet.) 

The  present  Memoir  is  supplementary  to  niy  *'  Second  Memoir  on  Ski  w 
Surfaces,  otherwise  Scrolls,"  Vlul.  Tuiu.<.  vol.  cliv.  (ISGl)  pp.  .'i ji>-.">77, 
and  relates  al&o  lo  tlie  theory  of  skew  .surfaces  of  tlu-  jourth  urdcr,  or  quartic 
scrolls.  It  was  pointed  out  to  me  hv  IK  rr  ^cluvarz,  lu  a  letter  dated  Ilalle, 
June  1,  1867,  that  in  the  emiinoiatian  contained  in  my  Second  Memoir 
I  have  given  only  a  parti(  ulur  case  of  the  quart ic  scroli>,  which  have  a 
directrix  skew  cubic;  viz.  my  eighth  species,  S  (1,  3"),  where  there  is  also 
a  directrix  line.  And  this  led  me  to  oUserve  that  I  had  iu  like  manner 
mentioned  only  a  particular  ease  of  the  quartic  scrolls  with  a  triple  direc> 
trix  line  ;  A-iz.  my  third  species,  8(13,  1,  4),  where  there  is  also  a  simple 
directrix  line.  The  omitted  species,  say,  ninth  speeiea,  S  (1.,),  with  a  triple 
tlirectrix  line,  and  tenth  species,  S  (3''),  with  a  directrix  skew  cubic,  are 
considered  in  the  present  Memoir  ;  and  in  reference  to  them  I  develo})e  a 
theory  of  the  reciprocal  relations  of  these  scrolls,  which  has  some  very 
iaterestlng  analytical  features. 

The  paragraphs  of  the  present  Memoir  are  numbered  cousccutively  wiiii 
those  of  my  Second  Memoir  above  referred  to. 
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V.  "Transformation  of  the  Aromatic  Monamines  into  Acids 
richer  in  Carbon. — III.  On  Menaphtylamine."  By  A.  W.Uof- 
UANN,  LL.D.,  F.H.S.   Keceived  June  1, 1868. 

The  trauisfonuatiou  of  implitRlino  into  its  carboxylie  acid  suggests  the 
existence  of  a  large  number  of  coaipomuls  which  the  progresi  of  science 
cannot  fttil  to  realize.  It  is  not  my  intention  to  examine  in  detail  this 
group  of  substances,  the  composition  and  even  the  pruperties  of  wliich  are 
sufficiently  indicated  by  theory.  There  are  nevertheless  several  terms  of 
tliia  series  which  1  must  not  leave  unprepared  wliiLst  enga<^ed  with  this 
question.  These  are  the  aldehyde,  the  alcohol,  and  the  nioiianiinc  of  the 
series.  It  is  the  latter  substance  of  which  I  beg  permission  to  submit  to- 
day a  short  account  to  the  Royal  Society. 

My  liist  attenipt:5  to  produce  the  aromatic  monamiuc  were  anytliiii<2,  but 
succtasful.  Cyanide  of  naphtyl,  when  left  in  contact  with  zinc  and  sul- 
phuric acid,  even  for  weeks,  was  found  to  yield  but  trifling  quantities 
of  menaphtylamine.  The  greater  portion  of  the  nitrile  was  left  unchanged^ 
while  more  or  lew,  bj  the  absorption  of  the  elements  of  ir«ter»  was  con- 
yerted  into  menaphtoxylamide  «nd  even  into  menaphtozjrlio  acid.  A 
slight  modifieatknit  howefsr,  of  the  prooesi  namlly  adiqpiod  has  removed 
these  difficulties. 

It  is  well  known  that  M*  Hendius*  after  he  had  discovered  the  remark* 
eble  property  possessed  by  nUriUi  of  fizmg  two  moleeuks  of  hydrogen,  has 
submitted  also  the  amdei  to  the  action  of  hydrogen  in  eondiiume  tuuemuHt 
in  the  hopes  of  replacing  their  oxygen  by  hydrogen,  and  of  producing  also 
in  thb  manner  the  primary  monamines.  These  experiments  hare  not  been 
successful.  In  the  presence  of  the  difficulties  attending  the  preparation  of 
menaplitylamine,  the  idea  suggested  itself  of  trying  whether  the  sul- 
phuretted amide  of  the  series  into  which  the  nitrile  is  so  easily  transformed 
would  not  be  more  readily  attacked  by  nascent  hydrogen  than  the  nitrile 
itself.  The  result  of  this  eiperiment  was  highly  satisfactory.  On  submit- 
ting an  alcoholic  solution  of  menaphtothiamide  to  the  action  of  sine  and 
hydrochloric  acid,  torrents  of  sulphuretted  hydrogen  are  at  once  erolved. 
The  addition  of  zinc  and  hydrochloric  acid,  and  sometimes  also  of  a  little 
alcohol,  is  continued,  until,  after  a  day  or  two,  the  disengagement  of  sul* 
phuretted  hydrogen  almost  ceases.  The  liquid  is  now  nuxed  with  ooncen<« 
trated  soda  until  the  precipitate  of  hydrate  of  linc^  which  is  formed  in  the 
commencement,  is  redissolTcd.  An  oily  layer  containing  much  soda  and 
alcohol  is  seen  to  separate  and  to  collect  on  the  surface  of  the  aqueous  solu- 
tion. This  layer  is  remored  and  heated  in  the  water-bath  until  the  alcohol 
is  Tolatilized.  An  aqueous  liquid  is  thus  produced,  on  which  a  yellow  oil  is 
floating.  The  latter  is  principally  menaphtylamine,  which  is  still  mixed 
with  a  small  quantity  of  cyanide  of  naphtyl  regenerated  from  the  thio- 
compound.    The  oil  is  treated  with  dilute  hydrochloric  acid,  the  hydro- 


Digitized  by  Google 


440      Pi'of.  A.  W.  Uofmann  on  ike  TVansformaiion  $fc.     [June  18, 

chloric  liciiiiil  sepniated  by  filtration  from  the  cynnidc,  and  decompofied  hj 
hydrate  of  sodium,  when  the  base  separates  in  a  state  of  purity. 

Menaphtylaniine  i-^  a  very  caustic  li(piid,  builini;  between  2^0  aad  '2i)ly\ 
Freshly  distilled  it  \:i  cMilourless,  but  soon  acquins  n  yellow  tmt.  It  at- 
tracts carbouic  ucid  with  such  avidity  that  it  is  impossible  to  j)our  it  from 
one  vessel  iiu  >  unotlH  r  without  a  peUkleof  the  ditiicultly  soluble  carbooate 
beiii^  t'onned  on  its  surface. 

'J'Jie  euioposirion  of  the  l)n«ie  wm  FuflRciently  indicated  hv  theory  ;  it  ap- 
pcnrrd  nevertheless  desirable  tu  establish  it  cxperijueutally  by  the  analyses 
of  the  hydrochlfji  Hte  and  the  platinum-salt. 

The  hydrochlorate  crystallises  with  the  ^preatest  facihty  ia  difiicultly 
soluble  needles^  ooutaiuing 


N,UC1. 


H 

The  yellow  crystalline  prceipiiate  which  is  formed  by  the  additioa  of 
|ierchloride  of  platiaum  to  the  hydrochlorate  has  the  composition 

C„  H,.  N,  Pt  a.  =  2  [(C„  H.)  H,  N.  HCIl  Pt  O.. 

The  trnnsformntinii  of  the  thio-compound  into  inenaplitylamine  i?  thus 
seen  simply  to  consist  lu  the  substitution  of  2  atoms  of  hydrogen  for  1  atom 
of  sulphur : — 

C„  H,  N  S  +  2  H  H  =  C,,  H„  N  +  S. 

I  have  but  little  to  layabout  the  pro})erties  of  menaphtykmine ;  never- 
theless  the  extrnordinary  crystalline  tendencies  of  its  salts  deserve  to  be 
mentioned.  The  sulphate  and  nitrate  are  likewise  difficultly  soluble  ;  the 
latter  crystallises  in  splendid  nitrelike  prisms.  Id  contact  with  bisulpliide 
of  carbon  menaphtylamme  solidifies  at  onee  to  a  crystalline  mass.  When 
treated  with  alcoholic  soda  and  chloroform,  it  is  oooYerted  into  the  terribly 
ameHnig  formomefia^ylnitrUe^  which  I  propose  to  examine  somewhat 
more  in  detail* 

I  have  also  prepared  iengtflamine,  starting  from  thiobenzamide  instead  of 
benconitrile.  The  experiment  is  of  course  likewise  successful,  the  advan- 
tage, however,  less  conspicuous,  since  benzonitrile  fixes  hydrogen  with  lar 
greater  facility  than  the  cyanide  of  naj)htyl. 

Be  this,  however,  as  it  may,  the  iacihty  with  which  hydrogen  in  condi- 
Hone  nttMcendi  acts  upon  sulphur^oompounds  deserves  to  be  noticed.  I 
propose  to  examine  in  the  direction  indicated  by  the  above  experiments  some 
of  the  more  important  sulphur-compounds,  more  especially  the  thio-acids 
of  the  fatty  and  aromatic  series,  and  the  two  groups  of  sulphocyanic  ethers. 
The  investigation  of  the  latter,  indeed,  has  already  furnished  me  remits  of 
great  neatness  and  precision. 

In  conclusion,  I  must  not  leave  unmeutioned  that,  since  my  first  com- 
munication on  the  mcnaphtau  series,  I  have  had  an  oppoil unity  of  rcmovin|^ 
the  sU^t  donbts  respecting  the  identity  of  the  acid  obtained  by  the  actioei 
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ofoxnlic  nciJ  upon  naphtylaniine  with  tliat  procured  by  treatinf?'n  naj)hta- 
Hn-sulphate  with  cyanide  of  potassium.  M.  V.  Mcrz  hud  Ibuud  the 
fusing-point  of  the  latter  acid  to  be  HO**,  whilst  for  the  IbruiiT  I  luid  ob- 
served the  fnsinnj-point  160°.  M.  O.  Olshausen  has  since  prepared  in  my 
laboratory  a  quautity  of  cvauidc  at"  ua{>lityl  according  to  Merz's  process. 
The  acid  obtanud  from  this  cyauitie  by  treatment  with  an  alkali,  thrice 
rccrystallized  and  tiualiv  puritied  hy  distillation,  was  likewise  f^niud  to  fuse 
exactly  at  160  ^Vrennphtuxylanude,  procured  from  the  same  source,  ex- 
hibited the  fusing-poiut  203^,  while  the  compound  I  had  formerly  examined 
fused  at  204°  *.  The  identity  of  the  acids  obtained  by  the  two  processes 
is  thus  satisfactorily  established. 

VI.  ''Aeeomit  of  some  recent  Observations  on  San-epots,*  made  at 
tlie  Kew  Observatory.''  By  Wakkbn  Db  La  BuB^Esq.^  F.B.S.» 
Balfour  Stbwart,  Esq.,  F.B.S.,  and  Bbkjamin  Lobwt^ 

RRA^S.    Eeceivcd  June  2,  1868. 

(Abstract.) 

The  authors^  afler  reviewing  briefly  the  two  theories  on  the  natnie  of 
sun-spot^  which  are  stfll  subjects  of  dispute^  refer  to  the  stereosot^ic  viewi 
obtained  and  the  resnlts  published  in  their  '  Besearches  on  Solar  Physics/ 
and  state  the  reasons  which  have  led  them  to  believe  that  sun^-spots  are 
cavities  and  at  a  lower  level  than  the  snn*s  photosphere.  Their  opinion 
has  been  recently  strengthened  by  observations  of  a  snn-spot  on  the  7th  of 
May,  which  in  disappearing  produced  in  two  successive  photogramsinden* 
tations  in  the  west  limb. 

After  proving  by  the  measurements  made^  which,  with  the  calcuktioos, 
are  appended  to  their  paper,  that  there  can  be  no  donbt  about  the  identity 
of  the  heliographical  elements  of  the  previously  observed  spot  and  the 
snceesaive  indentations,  they  prove  from  the  established  details  of  the 
phenomena  ol  sun-spots  that  such  indentations  must  under  all  circumstances 
be  very  rare  ocenrrenoes,  and  state  fully  the  conditions  favourable  to  the 
recurrence  of  similar  observations^  inviting  observers  to  give  their  particular 
attention  to  them.  » 

YII.  "The  Fonnatioii  and  Early  Growth  of  the  Bones  ol  the 
Human  ruce/^  By  George  W.  Callender,  Lecturer  on 
Anatomy  at  St.  Bartholomew's  Hospital.  Communicated 
by  Jambs  Pagbt,  F.B.S.   Beceived  June  fl,  1868. 

(Abstract.) 

These  notes  refer  to  some  few  points  with  which  we  arc  as  yet  imper- 

*  Tho  fasinr(-i)()int  of  this  .subslanco  i<,  hv  inUpHnt  (Proo.  Boy.  Soc.  ToL  rri*  p»  902), 
■tated  to  be  241%  inatoad  of  Sai^".-  A.  W.  U. 
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fectly  acqaunted,  siich  u  the  growth  of  the  maxilla,  and  the  formatioQ 
and  suhi^queut  ohliteration  of  the  intermaxillary  bonei.  As  they  arc 
simply  a  narration  of  facta,  it  is  almoat  impoMible  to  give  a  aatiifactory 

abstract  of  them. 

After  brief  consideration  of  the  arrangement  of  the  cartilages  for  the 
ethmoid  and  turbinate  bones  and  for  the  septum  of  the  nose,  an  account 
is  given  of  the  appearances  observed  in  a  human  foetus  four-tenths  of  an 
inch  long,  noticing  the  relations  of  the  maxillary  lobes,  of  the  parts  which 
represent  the  palate,  and  showing  that  the  opposite  sides  unite  from  before 
backwards  to  form  the  palate,  the  soft  palate  remaining  ununited  in  a 
foetus  one  inch  and  tivc-tenths  long.  The  superior  maxiila  is  described, 
before  ossification  has  commenced,  in  a  foetus  nine-tenths  of  an  inch  long. 
Although  ossificntiou  begins  in  this  bone  at  many  distinct  points,  the  ra- 
pidity with  which  the  separate  ossifications  are  fused  make  it  undesirabte 
to  name  each  as  a  distinct  centre.  The  palatal  and  alveolar  portions  arc 
formed  somewhat  later  than  the  remainder  of  the  bone.  In  a  foetus  two 
inches  and  three-tenths  long  the  bone  consists  of  a  nasal  process,  deeply 
grooved  on  its  inner  surface,  of  an  incisor  process,  which  has  not  hitherto 
been  accurately  described,  of  orbital  and  of  palatal* alveolar  portions ;  the 
infraorbital  fissure  is  distinctly  marked,  and  a  deep  notch  ahowi  the  aita* 
ation  of  the  canine  socket. 

The  principal  changes  which  are  noticed  during  the  growth  of  the  bone 
result  from  the  thickening  and  marking  of  the  nasal  process,  the  fomuh 
tion  of  the  nasal  groove  and  of  the  inner  and  outer  walls  of  the  antnim, 
the  variations  in  the  relative  size  of  that  cavity,  the  deepening  of  the  sockeUl 
for  the  teeth,  the  formation  of  the  septa  dividing  them,  and  the  changes  ia 
the  orbital  plate.  The  order  and  method  of  these  changes  are  sepaiatelj 
narrated. 

The  ossification  of  the  romer  is  shown  to  commence  from  its  inferior 
and  anterior  parts,  wheuce  also  ossification  extends  to  the  intermaxillary 
hones,  which  are  formed  in  the  membrane  bounding  the  anterior 
Each  of  these  bones  acquires  its  greatest  independent  size  in  a  foetus  about 
four  Inches  and  a  half  long,  and  then  consists  of  a  nasal  prooea^  which 
eventnally  fuses  with  the  corresponding  portion  of  the  superior  maxilla,  its 
apex  assisting  to  form  the  ridg^  for  the  turbinate  bone,  and  of  plates  which 
strengthen  the  incifior  portion,  and  form  part  of  the  walls  of  the  incisor 
sockets.  In  a  fcetus  six  inches  and  seven-tenths  long  the  apex  alono  is 
dbtinet,  and  in  a  foetus  nine  inches  long  the  hont  is  lost  in  the  upper 
maxilla,  although  the  fissure  along  its  posterior  margin  still  outlines  its 
shape.  The  bone  ^rows  in  the  fissure  between  the  incisor  process  and  the 
palate,  and  is  shut  off  from  the  face  by  the  first-named  and  by  the  nasal 
process.  Distinctly  outlined  at  the  close  of  the  fonrth  month,  it  is  jouwd 
to  the  superior  maxilla  during  the  latter  part  of  the  fiflh  or  beginning  at 
the  sixth  month. 

Some  facts  aie  related  respecting  the  formation  of  sevetal  of  the  remainiiig 
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bones  of  the  face,  and  that  of  the  inferior  maxilla  is  specially  referred  to. 
This  bone  is  beginning  to  ossify  in  a  foetus  nine-tenths  of  au  inch  long,  and 
is  distinctly  formed  in  a  fcetus  one  inch  and  one-tenth  long.  Each  half 
iiMxy  be  said  to  grow  from  four  centres,  formed  (1)  by  the  cartilage  which 
tips  the  condyloid  extremity,  (2)  by  the  layer  of  membrane  in  front  of 
Meckel's  cartilage,  (3)  by  the  ossification  of  the  anterior  extremity  of 
Meckel's  cartilage,  (1)  by  deposits  of  bone  in  the  perichondrium  of  the 
anterior  and  middle  thirds  of  the  same  cartilage,  from  which  is  derived  the 
plate  of  bone  which  forms  the  base  of  the  dental  canal. 

After  iriving  the  measurements  of  the  angles  formed  between  the  ascend- 
ing ramus  and  the  body  of  the  bone,  and  after  referring  to  the  subdivisions 
of  the  p:ronve  for  tlie  teeth,  the  growth  of  the  mylo-hyoideau  ridge  is  de- 
scribed, as  well  as  the  ossification  of  the  anterior  extremity  of  Meckel's 
cartilage,  the  latter  forming  a  triangular  block  beneath  tlic  inrif^or  sockets, 
to  the  twist  acquired  by  which  the  jirominence  of  the  front  of  tiie  maxilln, 
known  as  the  mentuni  or  chin,  appears  to  be  due.  In  a  fa'tus  four  inches 
and  seven-trnths  long,  the  block  of  bone  formed  ia  the  anterior  extremity 
ol  the  cartilage  of  Meckel  ia  atill  clearly  defined. 

Tin.  On  B  Method  af  making  a  Direct  Comparison  of  Electroitatie 
with  Electromagnetic  Force ;  with  a  Note  on  the  Electromag- 
netic Theory  of  Light.''  By  J.  Clerk  Maxwell,  F.R.SS.L.  &  E. 
Keceived  June  10,  1868. 

(Abstract) 

The  experiments  described  in  this  puptr  were  made  in  the  laboratory  of  Mr. 
Gassint,  who  placed  hi«  jjreat  battery  of  -(100  cells  of  bichloride  of  mercury 
at  the  dispo«nl  of  the  author.  Mr.^Villnnghby  Smith  lent  his  re?istnTice-coils 
of  1,102,000  (Jhms;  Messrs.  Fonlf-  and  Fleeming  Jenkiu  lout  a  sensitive 
galvanometer,  a  set  of  resistance-coils,  a  biidi^e,  and  a  key  for  double 
giiiniltaneous  contacts  ;  and  Mr.  C.  llockin  undertook  the  observation  of 
the  tralvanometer,  the  adjustment  of  the  resistances,  and  the  testing  of 
the  galvanometer,  the  resistance-coils,  and  the  micrometer-screw.  th^ 
electrical  balmicc  itself  was  made  by  Mr.  Becker. 

Tlie  experiments  <  n  i^ted  in  observing  the  equilibrium  of  two  forces, 
one  of  which  was  the  attraction  between  two  disks,  kept  at  n  certain  differ- 
ence of  potential,  and  tho  other  was  the  rej)ulsion  between  two  circular 
coils,  through  which  a  certain  current  passed  in  oppo^iite  directions.  For 
this  purpose  one  of  the  disks,  with  one  of  the  coils  attached  to  ks  luuiler 
surface,  was  susjx'ndrs]  ou  one  arm  of  a  torsion-balance,  while  the  other 
disk,  with  the  otiier  ( oil  behind  it,  was  placed  at  a  certain  disfnnre,  which 
was  mensurcd  by  a  inici omcter-screw.  The  suspended  (li>k,  whicii  was 
smaller  than  the  fixt  tl  flisk,  was  adjusted  s-o  that  in  its  position  of  equi- 
librium its  surface  was  iu  tlic  same  plaue  nvith  that  of  a  "  guard-ring,"  as 
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in  Sir  "W.Thomson's  t'lectroineters,  and  its  positiou  was  o}><?erved  by  means 
of  a  micrn«co]u'  Jirected  on  a  graduated  glass  scale  attached  to  the  disk. 
In  this  way  its  {lositinn  could  be  adjusted  to  the  thousandth  of  au  iucb, 
while  a  motion  o('  much  smaller  extent  was  easily  detected. 

An  exactly  similar  coil  was  placed  at  the  other  end  of  the  torsion- 
balance,  so  as  to  get  rid  of  the  effects  of  terrestrial  magnetism. 

It  was  found  that  though  the  suspended  disk  and  coil  weighed  about 
half  a  pound,  n  very  slit!;!it  want  of  equality  between  the  oppoang  forces 
could  he  detected,  ami  remedied  by  meaiiH  of  the  micrometer. 

The  difference  of  potential  between  tlie  disks  was  maintained  by  uieaus 
of  iVfr.  Gassiot's  great  battery.  To  measure  this  difference  of  potential,  it 
was  nuide  to  produce  a  current  through  Mr.  Willoughby  Smith's  re- 
sistance-coil, aud  the  primary  coil  of  the  galvanometer  shunted  with  a 
Yariable  resistance. 

The  current  in  the  coils  was  tnalntained  by  a  Grove's  battery,  and  was 
led  through  the  secondary  coil  of  the  galvanometer. 

One  observer,  by  means  of  the  micrometer-screw,  altered  the  distance 
of  the  disks  till  the  suspeiuled  disk  was  in  equilibriuiu  at  zero.  At  the 
same  time  the  other  observer  altered  the  shunt,  tiU  the  gahauometcr- 
needle  was  also  in  equilibritun.  The  micrometer  reading  aud  tlie  re- 
sistance of  the  shunt  were  tlieu  set  down  as  the  rci^uits  of  the  ex|>eri- 
ment. 

The  mean  of  twelve  satisfactory  experiments,  at  distances  varying  from 
*25  to  *5  inch,  gave  for  the  ratio  of  the  electrumaguctic  to  the  electrostatic 
unit  of  electricity--* 

v=s27'79  Ohms,  or  B.  A.  units. 

=277,?)0(),OiHj  metres  per  second. 
e=  1 7  i,bO()  statute  miles  per  second. 

This  value  is  considerably  lower  than  that  found  by  MM.  Weber  and 
Kohlrausch  by  a  different  method,  which  was  310,740,000  metres  per 
second.  Its  correctness  dejjend?  ou  that  of  the  15.  A.  unit  of  resistance, 
which,  however,  cannot  be  very  far  from  the  truth,  as  it  agrees  so  well  with 
Dr.  Joule's  themml  exj)erimeuts. 

It  is  also  decidedly  less  than  any  estimate  of  the  velaciiy  of  light, 
of  which  the  lowest,  that  of  M.  Foucault,  is  2i>6,000,000  metres  per 
second. 

In  a  note  to  this  paper  the  author  gave  his  reasons,  in  as  simple  a  form 
as  he  could,  for  believing  that  the  ratio  of  the  electriral  units,  and  the  ve- 
locity of  light,  are  one  aud  the  same  physical  quasi i it v,  poiming  out  th.^ 
difference  between  his  theory  and  those  of  MM.  lUemann  and  Lorcnz, 
which  appear  to  lead  to  the  same  conclusion. 
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IX.  ^'Resulta  of  ExamiDatton  of  Southern  Nebnlse  with  the  Spee- 
troeeope.^'  By  Lieut.  J.  Hskschbl.  Communicated  hy  Prof. 
6.  G,  Stokes^  Sec.  R.S.   Received  June  1^  1868. 

No.  1 179.  April  9,  1868.  [Oreat  nebula  in  Orion.]  All  three  lines  seen 
remarkably  well,  end  meaeored  as  follows : — 

4-66V  *^^'^*^^l4-82;  5-24;  D=2*46. 

[Abfe.— 0=l>+l-67,  Fss5+1*06.] 
No.  1225.   April  9.     Planetary ;  pretty  bright ;  very  smell ;  very  little 
extended;  barely  resolvable f ']  Not  found. 
April  4.  Seen ;  faint,  but  unmistakeable.   Not  seen  in  spec- 
tro9cope,  thongh  most  carefully  placed  and  intently  looked 
for. 

No.  1565.  March  30.  [''Planetary;  pretty  bright;  pretty  small;  ex- 
tremely little  extended ;  barely  resolvable ;  3**75  diam/'] 
Not  s^n* 

April  18.  Seen»  but  not  considered  bright  enough :  some 

doubt  about  identity. 
April  23.  What  was  seen  on  the  Idth  looks  more  than  ever 
doubtful :  a  faint  haze  in  a  cluster. 
No,  1567.   April 23*  ["PlaneUry;  considerably  bright;  not  reiy  weU 
defined."]    {linear  spectrum, 
4-66,  D=2-50 

No.l783*,  ["Remarkable;  planetary;  pretty  brlglif ;  =star 

9  mag. ;  very  small ;  round.'*]  Looked  for  three  timet,  but 
not  seen. 

No.  1801.  ["Remarkable;  planetary;  pretty  bright ;  pretty 

large;  round."]    Looked  for  twice,  but  not  seen. 

No.  2008.  April  12.  Very  bright ;  large  j  very  much  extended,  45°."] 
Well  placed,  but  not  seen  with  spectroscope ;  focus  sua- 
perted,  but  not  enough  to  prevent  lines  being  seen. 
April  23.  Easily  visible  in  telescope.  I  am  almost  certain  I 
must  have  seen  this  one  if  it  has  a  linear  spectrum.  Conti* 
nuous  spectrum  suspected. 

No.20l7«  March  31.  ["Very  remarkaljle;  i^luictary;  very  bright ;  very 
large;  little  extended;  star  D mag. in  the  miildle  ;  4'*0diani."] 
Slight  haze  and  moonlight.  Found  with  ditliculty  in  spec- 
troscope :  examination  interrupted.  A  continuous  streak 
with  blotch  of  light  ?  from  tlic  red  end. 

Ko.  2102.   April  4.     llcmarkable  ^  planetary;  very  bright;  little  cx- 

^  1783.  Mij  4  Seen  as  a  mooocbromatio  light— faint,  hat  btTOod  dontit  Bough 
nMMoiemanti  D+2<l. 
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tended  {  32^  diem,  j  blue.*']  Found  it  enea^  lad  eecn  la 
Under*  Net  eiiy  weU  leen  b  ipcetiaeeope  t  tluid  line  nol 
leenet  elL 

No.  2197.  Merob  26.  ["9  Argiii  and  greet  nebiile."]  Spectram  ttmij 
▼iaible ;  did  not»  bowever,  suoeeed  in  lepemtuig  die  lines  (km 
eiatodcb)  £itinietedposltioa0+l*8±*3. 

No.  2581 .  April  2.  Flanftety ;  remafkeble ;  imell  t  round ;  bine ;  equel 
iter  7  mag. ;  1*'5  diem.*']  Wdl  Men  in  speetroicope :  evntu- 
ally  a  shott  abarp  brigbt  line  waa  leen,  with  a  fidnter  oom^ 
panion  eloie  by.   D +2*1^*1, 

,No.2917.  March 26.  [*'Verf  bright;  large;  round;  herd j resolvable,''] 
Not  seen  in  speetroseope* 
April  13.  Not  seen  in  spectroscope,  though  eyery  precantkm 
iraa  taken  to  secure  direction  and  focus.  It  is  Almost  ni- 
posnble  that  this  ean  bare  a  bright  line  spectrum,  or  it 
must  have  been  seen. 
April  23.  Seen  at  once ;  bngbt ;  all  three  lines  easily  seen,  and 
a  fourth  suspected,  at  intervals  1 ;  3 : 10  7  ftom  the  first  by 
estimation* 

1)4-2^9=0  4-2-15. 

No.  3021.  April  13.  ["  Very  bright ;  large  ;  round."]   Not  seen  in  tp»» 

troscope.    (See  remark  of  this  date  for  No.  2917.) 
No.  3092.  April  23.  ["  Very  bright ;  considerably  large ;  pretty  much  es- 

tended,  63^."]    Not  seen  in  spectroscope. 
No.  3128.  April  2.  ["  Cluster ;  large ;  extremely  rich ;  very  compressed; 

irregularly  round ;  well  resolred;  star  12  red."]   Not  seen 

in  spectroscope  (adjustments  suspected). 
April  ]  2.  Not  found  in  spectroscope.  .(^i>uurl^  essentially  the 

same  as  for  2917.) 

No.  3132.  April  12.  [Remarkable;  very  bright;  very  large;  extremely 
extended,  92°."]  No  spectrum  seen,  though  carefully  placed. 

April  26.  Continuous  spectrum  suspected:  linear  spectrum 
considered  out  of  the  question.  (NB.  Clear  night,  and  other 

spectra  well  seen.) 

No.  3525.  March  25.  Very  remarkable  ;  very  bri^^ht ;  very  large  ;  very 
much  extended,  122°  ;  bifid."]  An  irregularly  shaped  nebiiln 
Nvith  dark  space  across  it.   No  spectrum  seen :  faint  stellar 

spectrum  seen. 
IMarch  2fi.  Looked  for  again  :  no  result. 

April  26.  A  good  instance  of  the  extreme  diffiriiify  uf  finding  a 
coutinuous  spectrum  object.  I  wns  enabled  to  lind  tbi«  one 
by  the  help  of  a  neighbouring  star,  whose  spectrum  was 
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etiily  found  t  but  eren  in  the  field  the  MnX  l%ht  oonld  onlj 

just  be  recognued. 
No.  3531.  March  25.  ["Very  remarkable ;  cluster  $ «  Gentauri.'*]  A  hage 

cluiter  visible  to  the  eye  t  spectrum  eontinuont. 
No.  4066.  April  29.  ['*  Planetary  \  Tttj  small ;  tonnd  {  qmte  sharp.] 

(April  5,  not  seen.)    Recognised  hi  telescope  as  a  BmaH 

Tonnd  planetary  nebula:  seen  without  much  difficulty  in 

spectroscope  as  a  small  lununoui  point  ill  defined  on  the 

more  refrangible  side. 

4-601 

D— 2-66;  (± •!)-♦•  '70 

•U3 

No.  4083.  April  6.  ["Very  remarkable;  globular  cluster;  yfsrj  bright; 

laiine ;  extremely  compressed  in  the  middle.'']  Seen  in  tele- 
scope as  a  slightly  oval  nebulous  ball  not  very  bri§^t 
(?  moonshine).  Found  with  difficulty  in  the  spectroscope: 
a  faint  continuous  spectrum  of  considerable  width :  no  lines. 

No. 4 173.  April 5.  ["Very  remarkable;  globular  cluster;  TCiy  bright; 

large  i  well  resolved."]   Seen  eastiy  in  teiesoope :  looked  for 
two  hours  in  vain  with  spectroseope. 
April  13.  Spectrum  continuous ;  competed  Its  appearsnee  with 
that  of  a  small  star  close  by  to  make  sure;  difference  quite 
marked. 

No.4lB3.  April  13.  ["Cluster;  well  resolved."]  Spectrum  desrly con- 
tinuous. 

No.  4238.  April  1 3.  [•*  Remarkable ;  globular  cluster ;  very  bright ;  very 
large ;  irregularly  round ;  well  resolved."]  A  faint  conti- 
nuous spectrum  certainly  seen,  but  too  faint  for  more  than 
recognition ;  stellar  spectrum  seen  involved. 

No.  4284.  April  o.  [•' Very  remarkable ;  planetary;  pretty  bright;  veiy 
small ;  round."]    Not  seen  in  telescope. 
April  17.  Not  seen  in  spectroscope,  though  pretty  certainly 
placed. 

April  24.  Linear  spectrum  .seen,  tlioiigh  too  faint  for  measure- 
ment, even  for  absolute  crrfaiiity  of  its  chuacter.  The 
light  seen,  however,  was  too  strutly  local,  to  belong  to  a 
contitniou<;  eetrum  of  so  faint  au  object^  but  that  is  the 
whole  of  the  evidence. 
No.  4302.  April  17.   ["  llemarknble ;  annulir  nebula;   yiretty  bright; 

small;  round.'*]   (April  6,  not  seen  in  tilescope.)   Not  seen 
in  spectroscope,  though  pretty  certainly  placed. 
April  21.  No  resrJt.    A  faint  object  iu  telescope  (200),  but  of 
some  si/.e.    No  spectrum,  though  satisfactorily  placed. 
No.  4355.  April  24.  ["  Very  remarkable ;  very  bright;  very  large;  trifid; 

double  star  iuvolvcd."]   A  very  large  object  with  a  double 

2  a2 
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star  in  the  centnl  ]>atch  (sketched).  This  star  was  frequeotly 
io  the  spectroscopic  field*  but  no  lines  weie  seen :  a  heiiness 

suspected. 

April  26.  ContinnooB  speetnini  t  icadilj  foond  owing  to  the 

central  star. 

No.  4d61,  April  17*  ["Very  remarkable;  very  bright;  extremely  large; 

extremely  irregular  figure ;  with  laige  duster.'*]  A  laige 
nebulous  area  visible  in  fiader ;  not  examined  with  telescope ; 
spectrum  linear,  but  feeble.   D+l*98«   Some  donbt  aboot 

the  reading  of  D. 

No.  4390.  April  16.  [''Planetary;  very  bright;  very  small;  round;  little 
haxy*"]  Seen  in  spectroieope  as  a  short  bright  line  wi& 
a  second  Ainter  one;  a  third  snspected,  MeasnitsneBt 

D  +  2-34. 

No.  4403.  April  26.  [*'  Very  remarkable ;  bright ;  extremely  large ;  ex- 
tremely irregular  figure.'*]  I  should  say  this  is  as  bright  ea 
object  as  any  of  the  larger  nebula?  I  have  seen.  It  is  a 
striking  object  (detailed  acooont  of  appearance  and  ekelehX 
and  the  various  parte  eoold  be  recognized  as  they  were  bronjrbt 
on  the  slit.  Measnremente*  D  beiog  read  by  reflected  hght 
fiom  soda-flames^ 

tfs]'-''  I>=2-^4D+2iO. 
4-59   4-59      =82*44  J 

No. 4628.  April 26.     Remarkable ;  planetary;  veiy  bright;  imefl; 

elliptic."]   Easily  seen  in  telescope^  and  wttfUeHtfy  looked 
fbr  in  specCfosoope.   Spectmm  es  bright  and  distmct  as  any 
yet  seen ;  lines  measnied  by  obUieraiioH  with  cross-wires  ia 
a  dark  fidd,  D  bdng  obtained  from  a  reflected  soda-flame. 
4-61.         4-81,        516,  D=2-41, 

or  D  +  2-20,  +2-40,  +2  75. 

No.  4510.  May  3.  ["PlauetAry;  bright;  very  small ;  round.*']  I  am  rather 
surprised  to  find  this  described  as  '*  bright,  very  small  1 
should  have  expected  very  bright,  pretty  large.  Its  sjioctrum 
is  the  first  in  which  I  have  suspected  a  new  characti  r.  In 
the  first  place,  there  is  no  trace  of  a  third  line,  aiul  the  second 
is  more  uncertain,  as  though  there  were  more  than  one  lainter 
companirin.  The  brightnessof  the  principal  line  is  consider;!';  Ir 
making  measurements  by  estimation  behind  the  wires  in  a  dark, 
field  not  very  difficult.    The  following  measures  are,  I  believe, 

tmstwortliy :  1>=  |  ^[f^  1 2-32,  Neh.  Imess  "^[^^  J  4-64. 

In  the  second  place,  therefore,  here  is  a  reliable  measure* 
Aienty  differing  widely  from  the  rest  (too  widely,  as  I  think. 
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for  an  accident),  but  Rgreemg  doaely  with  one  other  (43iiK>), 
in  which  the  third  line  is  oulj  "  suspected."  Both  must  of 
COtune  be  remeasured.  This  is  the  first  planetary  nebula  I 
have  seen  in  the  "  finder,"  Can  it  have  changed  its  cha* 
racter  since  ? 

[iVb^<?.— With  four  exceptions,  Noa.  1843,  20/6,  1365,  1801  (all  be- 
tween 7^  &  11^  R.A  ).  the  whole  of  the  bright  planetary  nebnlie  between 
and  150°  N.P.D.  hare  now  been  eiamined. 

Abetract  of  Meaeuremente, 

No.  1179  D  +  219+2'36+278 

1567  +2-1G 

2102  +215 

2197  +1-8 

2581  +2-1 

2917  +214 

4066  +2-1 

4361  +1-98 

4390     +  2-34  (!) 

4403     +2  10 

4407  +2-08 

4C28     +2-20  +  2-40  +  2  75 

4510    +2-32  (1) 
Gciu  1  11  mean  2  10     2-29  2-67 
d=D+  V67      V67  V67 

b  +  43        -62  100 

F=6+l*06 

Supplemc  lit  anj  List. 

No.  4450.  May  4.  [*' Globular  cluster  ;  vcryliirt^i'  ;  very  litlk-  extended; 

well  resolved."^    A  faint  continuous  specirum  barely  visible. 
No.  4543.  May  4.  ["Globular  cluster;  bright;   ])retty  larj^e  ;  round; 

partially  resolved."]  A  decided  continuous  spectrum  brighter 

in  the  middle.    jS'o  trace  of  lines. 
No*  4678.  May  4.  ["Globular  cluster;  very  remarkable;  bright;  rery 

large;  well  resolved.  ']    A  decided  continuous  spectrum  ot 

visible  width.   No  trace  of  lines. 

The  above  weie  obienred  this  moming  half  an  honr  before  despatch* 
[The  spectra  of  the  following  nebuIsB  hare  been  described  by  Mr. 

Huggini.   See  Phil.  Tram.  1864,  p.  439,  and  1866,  p.  383,  and  Proceed* 

ings  of  the  Bcyal  Society,  vol.  xiy.  p.  40. 

No.  2102  No.  4628 

No.  4238  No.  1510 

No.  4403  No.  4678.— G.  G.  S.] 

No.  4390 
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X  "  Notes  onVariatioiiB  in  the  origin  of  tlie  Long  Bnocal  Branch 
of  the  Fiflh  Cranial  Nenre/'  By  Wm.  Torneb^  M.B.  (Lond.)^ 
Frofenor  of  Anatomy^  Uniyersity  of  Edinburgh.  Commnni- 
eated  hj  Dr.  Sharpey.    Received  June  9,  1868, 

In  the  Journal  of  Anatoinv  Riul  Piivsiolofrv,  November  1^66,  1  jjave  a 
description  of  a  sjiorimcn  froT!i  tlio  <lis-'ort5ntr-room  in  whicli  the  loog  buc- 
cal ncrvr,  iustf  iul  ot'  procf  c  ling  from  the  third  division  of  the  fiftli  uenr€^ 
arose  from  the  superior  rnaxilliiry  trunk  in  the  spheno-maxillary  fossa. 

This  tranppo«itioii  of  the  origin  of  the  nerve  from  its  proper  trunk  to 
one  which  is  ^el»sory  in  function,  seemed  to  me  to  be  a  strong  additional 
argument,  and  from  fi  new  j)oint  of  view,  to  those  which  had  previously 
been  urged  by  various  writers  on  physiological  and  pathological  groaodfl, 
in  favour  of  the  purely  st  uNory  nature  of  this  nerve. 

In  a  subject  dissected  Uuing  i\\c  rnoiitli  of  March  of  the  present  year, 
variations  of  an  interesting  kind  in  coiuiexion  with  this  nerve  were  ob- 
served, which  afford  additional  ])rLfuf  of  its  sensory  mture. 

The  occurrence  within  so  short  a  period  of  two  sui)jects  presenting  varia- 
tions of  so  important  a  nature  in  their  bearings  on  the  much  disputed  ques- 
tion of  the  j)hysiolo2:y  of  this  nerve,  leads  me  to  offer  these  notes  to  the  Hoyal 
Society,  in  the  hope  that,  if  inserted  in  its  Proceedings,  the  Rtt(  ntion  of 
anatomists  may  be  more  gLnieruUy  dircoted  to  the  matLer,  and  lead  perhaps 
to  further  observatioua  of  a  similar  nature. 

When  the  superior  maxillary  trunk  was  exposed  on  the  left  side  of  the 
head  in  the  tpheno-roaxillary  fossa,  in  addition  to  the  orbital  and  palatine 
nerves  usually  arising  from  it  in  this  locality,  a  branch  of  some  size  arose, 
which  descoided  hahuid  the  posterior  surface  of  the  superior  maxilla.  In 
ill  oowM  it  gave  origin  to  two  distinct  superior  dental  nerves,  which 
entered  fbtamlna  iu  the  bone  for  the  aupply  of  the  upper  teefh.  The 
upper  of  theee  dental  nenrei  was  joined  immediatdj  before  entering  its 
foiamen  by  another  superior  dental  branch,  arisang  independently  from  the 
superior  maxilkiy  trunk.  After  giving  origin  to  these  superior  dental 
nerval^  the  braneb,  now  oonaiderably  diminished  in  size,  passed  downwards 
to  the  chaek,  where  some  of  its  fibres  pierced  the  substanoe  of  the  bnect- 
nator  muscle  at  the  spot  where  it  is  usual  for  the  long  buccal  nerve  to  enter 
it,  whilst  others  formed  a  distinct  anastomosis  with  branchoiof  the  portio 
dura  in  the  fat  over  the  surface  of  ,that  musde.  No  buccal  nerve  from 
the  inferior  mariUary  was  observed  on  this  ride.  This  arrangement  cor- 
responds almost  exactly  to  the  specimen  above  referred  to,  as  described 
in  the  Journal  of  Anatomy  and  Physiology,  and  the  two  are,  I  b^Eevcb  the 
only  examples  of  the  kind  up  to  this  time  recorded. 

On  the  right  ride  of  the  same  subject  a  different  arrangement  was  ob- 
served. From  the  superior  maxillary  trunk  in  the  spheno*maxiUaiy  foasat 
in  addition  to  its  proper  branches,  two  slender  nerves  arose,  which  passed 
obliquely  downwards  and  forwards  through  the  mass  of  fat  beneath  the  ramna 
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of  the  jaw  and  the  anterior  border  of  the  naaseter  to  the  fat  of  the  oheek« 
where  thej  anastomofed  with  bra  aches  of  the  portio  dura«  and  doubt- 
less ended  in  the  integument.  These  nerves  represented,  I  believe^  the 
branches  which  the  long  buccal  nerve  usuaUy  gives  off  before  it  enters  the 
buccinator  musde,  and  were  the  only  parts  of  that  nerve  Aviiich  arose  on 
this  side  of  the  head  from  the  seoond  divuion  of  the  fifih.  The  remauung 
part  of  the  loDg  buccal  nenre  arose  from  the  inferior  maxillarj  trunk  and 
entered  the  bucdoator  ia  the  usual  locality.  When  followed  into  the  sob* 
stanoe  of  the  muscle,  it  passed  obliquely  and  gave  off  branches  of  great 
delicacy,  many  of  which  were  traced  into  the  mucous  membrane  of  tho 
cheek.  Followed  upwards  to  its  origu.  the  long  buccal  nenre  was  seen  to 
divide  at  the  foramen  ovale  into  two  parts,  of  which  one  was  traced  with* 
out  difficulty  duectly  into  the  Gasserian  ganglion,  and  must  therefore  here- 
gptrdedassensoiy }  theotherj  connected  with  the  fasciculus,  from  which  thf 
temporal  and  masseteric  nerves  arose,  was  followed  upwards  to  the  motor 
root  of  the  fifth.  Almost  immediatelj  after  receiving  this  offshoot  from 
the  motor  root,  the  buccal  nerve  gave  origin  to  the  nerve  of  supply  for  thf 
external  pterygoid  muscle,  and  the  fibres  of  the  motor  root  were  to  all  ap* 
pearanoe  prolonged  directly  into  this  pterygoid  branch,  whilst  the  fibres 
from  the  sensory  gnng^on  could  be  distinctly  traced  into  the  proper  buecal 
part  of  the  nerve. 

Tbeio  can  be  no  doubt  that  in  this  ease  the  enture  buccal  nerve  on  the  left 
side  was  purely  sensory.  There  can  also  be  no  doubt  that  those  bnmdies 
arismg  from  the  superior  maxillary  trunk  on  the  right  side,  whidi  passed 
to  the  surface  over  tho  buocinator»  were  purdiy  sensory.  The  remaining 
part  of  the  right  nerve  slso.  though  connected  with  the  motor  root  of  the 
fifUi,  yet  parted  to  all  appearance  with  its  motor  fibres  before  it  proceed^ 
to  Its  destination. 

I  may  take  this  opportunity  of  lefenring  to  a  case  of  variation  in  tb^ 
origin  of  the  buccal  nerrs,  wldch,  so  far  as  I  know,  has  not  yet  been  rcu 
ferried  to  by  British  aaatomists»  and  which  gives  additional  evidence  of  the 
sensory  nature  of  the  nerve.  In  the  BuUetins  de  la  See.  Anat.  de  Paiis^ 
185^  S»  109  (quoted  hi  Krmuse  und  Tclgmann  '  Die  Nerren-Varietittsn/ 
Leipsigt  1868)«  M.  Gaillet  describes  the  nerve  as  arismg  directly  ftom  thff 
Gasserian  ganglion,  without  having  any  connexion  with  the  motor  roo^ 
then  passing  out  of  the  ersnium  through  a  spedal  foramen  midway  between 
the  F.  Totundum  and  F.  oval^  and  lying  between  the  great  wing  of  the 
.sphenoid  and  external  pterygoid  muscle  on  its  course  to  its  distribution. 

Yariataons  in  the  usually  described  arrangements  of  the  structures  in  the 
human  body  have,  as  a  rule,  been  studied  cither  from  their  bearings  on 
questions  oonnected  with  practical  medicine  and  surgery,  or  ftom  the  light 
which  they  throw  on  the  development  and  morphology  of  parts  and  organic 
Out,  as  these  cases  prove,  their  study  is  not  without  interest  from  the  teleo* 
logical  point  of  view. 
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XI.  ^Beseriptkm  of  a  Petidulum-Eleetrograpli  now  m  use  at  the  Md- 
bourne  Observatory/'  By  B.  L«  J.  ELLnaT,  Government  Astro- 
nomer to  tbe  Colony  of  Victoria.  Communicated  by  BALVoon 
Stswaet^  Esq.,  F.B.8.   Received  May  23,  1868. 

(Plate  IIL) 

About  dgbteen  months  since,  being  desirous  of  making  some  impro^ 
meats  in  our  mode  of  observing  atmospberic  electricity,  I  tried  a  series 
of  experiments  with  8ir  William  Thomson's  various  methods  of  obtaiiung 
observations  and  measares  of  the  electric  state  of  the  atmosphere ;  the  re- 
ftttlts  of  these  were  so  very  satisfactory  that  I  had  a  dirided-ring  reflection 
electrometer  made,  as  nearly  similar  as  possible,  judgiag  from  the  deserip* 
tions  available,  to  those  used  by  himself.  This  was  attadied  to  a  water* 
dropping  collector,  and  I  obtained  the  deflections  of  the  needle  measnred  by 
means  of  a  telescope  and  reflected  scale.  Prior  to  this,  all  observations  oif 
atmospheric  electricity  were  made  with  Quetelet*s  modification  of  the  Pd* 
tier  electrometer,  where  the  needle  and  its  little  directing  magnet  are  sea- 
pended  by  a  cocoon  fibre  instead  of  on  a  point.  The  use  of  tbi%  however, 
was  very  troublesome,  involving  its  being  carried  to  the  highest  part  of  the 
building  at  every  observation,  brought  down,  and  placed  ou  its  stand  withie 
doors,  the  needle  brought  to  rest  by  a  m^et,  and,  after  reading  off  the 
force  of  repulsion,  the  ascertaining  of  the  character  of  the  electricity  by  a 
separate  operation.  After  usbg  the  divided-ring  electrometer  for  a  few 
weeks^  it  became  apparent  that  no  method  of  observing  atmospheiie  dec- 
tricity  that  was  not  continuous  could  possibly  afford  results  that  would 
embrace  the  numerous  and  rapid  changes  which  take  place.  I  found  aim 
in  observing  with  the  divided*rtng  electrometer  that  the  torsion  of  the  pla- 
tinnm  wire  was  uncertain,  re^uiriog  very  frequent  alteration  of  the  sero- 
poin^  eqiedally  after  great  distarbances. 

I  therefore  endeavoured  to  devise  an  eleetrogiaph  that  should  act  by 
gmrity  instead  of  torsion ;  and  for  this  purpose  the  electrometers  of  8ir 
W.  Thomson  and  the  photognphic  registration  method  adopted  in  the  Kew 
magnetogmphs  afforded  me  a  snfllcient  groundwork.  In  August  last  I  so  ftr 
succeeded  as  to  obtain  regular  photographic  curves  of  the  electric  conditioB 
of  the  air  about  18  feet  from  the  earth's  surface;  experience  of  the  first 
temporary  apparatus  suggested  modifications ;  and  in  November  an  ias- 
proved  instrument  was  erected,  of  which  a  brief  description  was  read  belbre 
the  Boyal  Sodety  of  Victoria  in  December.  Some  defects  in  the  perform- 
ance of  this,  however,  led  to  even  a  further  modification ;  and  since  Decem- 
ber Isst  the  improved  electrograph  has  performed  most  satisftctorily. 

Plate  III.  will  explain  its  constnictioD.  It  may  be  generally  described 
as  consisting  of— 

1 .  Beservoir  of  electricity. 

2.  The  pendulum. 

3.  Electrodes. 
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4.  Cliargc-measurcr  apparatus. 

5.  Lifting-era clle. 

6.  Outer  metallic  cover. 

7.  Chare:incr-apparatus. 

1 .  lleseiroir  of  Electricity . — Uu  an  octagonal  slab  cf  slate  1  iuch  thick  and 
1,)  inches  tVom  ^-Idi  to  side,  is  fixed  an  ordinary  Leydcn  jar,  A  ;  to  the  inside 
bottom  of  tlii.s  jar,  and  in  connexion  with  its  inside  coatmg,  is  fixed  a  pillar 
of  brass  tube  reaching  to  about  the  level  of  the  mouth  of  the  jar ;  to  the 
top  of  this  is  fixed  the  support  {b)  for  the  moveable  part  with  its  mirror. 
Connected  ^vith  the  pillar,  and  juojertintr  upwards  and  outwards  beyond 
the  to]i  ot  t  lie  jnr,  is  a  branch  of  metal  termioatiog  in  a  ring  (e),  to  facilitate 
chargmij  the  Loyden  jar. 

The  support  ut  tlie  moveable  part  will  he  bc>t  understood  by  reference  to 
the  Plate,  where  it  is  marked  d ;  it  consists  of  a  Z-shapeil  ]>ieee  of  brass 
attac  lied  to  the  top  of  the  {lillar  with  a  central  screw  and  thm'  st-t  ,screwsy 
by  ineatjs  of  which  the  surface  (e)  upon  which  the  moveable  part  rests  may 
be  set  quite  level.  The  snrtace  (tf)  is  of  pnli'^hed  hardeued  steel  about  1  inch 
long  and  l  iiu  h  hroad,  dovetailed  info  the  brass  Z-piece. 

2.  The  Pe)uhdnni. — The  movenble  or  sensitive  part  (P),  which  may  be 
called  the  pendulum,  has  itn  centre  ot  grnvity  and  point  of  suspension  nearly 
coincident.  It  consists,  first,  of  a  mirror-tranie  (y)  and  knife-edge  (^)  with 
counterpoise  (A),  needle  (  f)  with  its  coiiut(  rpoise(^)  and  balance-screw  {k). 
The  mirror,  a  piece  of  sUverc  cl  jiarnlh.  I  glass  about  1  incli  pqnnre,  is  clamped 
ou  to  its  frame  bvtwolltth'  clqis;  tin'  knii'c-t  dge  (^)  is  oldiardcned  steel,  and 
is  fixed  as  nearly  as  ])Os>ihle  in  a  jdaiie  with  the  silvered  surface  of  the 
mirror ;  the  counterpoise  brings  the  centre  of  gravity  of  the  whole  nearly  to 
the  centre  of  the  knife-edge. 

The  needle  i'^  a  ]>icce  of  No.  16  aluminium  w  ire  fixed  to  the  back  of  the 
mirror- frame,  projecting  vertically  upwards  for  about  4  incbeg  from  the 
level  of  the  knife-edge,  and  terminatnig  in  a  piece  of  thin  phet  t  alaminium 
(a)  about  1  ]  inch  lonjr  and  I  inch  wide,  bent  to  a  curve  of  4  inches  radius 
aud  fixed  to  the  wire  at  n^dit  andes  To  the  plane  of  the  mirror,  and  with 
the  chord  of  its  curvature  at  right  angles  to  the  wire  itself.  The  counter^ 
poise  to  this  is  found  at/;  a  small  brass  wire,  screwed,  projects  down- 
wards from  the  frame  and  carries  a  small  weight,  which  can  be  adjusted 
by  screwing  up  aud  down  the  wire  so  as  to  obtain  the  rcijuired  sensitiveneea 
of  the  pendulum.  The  balance-screw  (k)  is  a  j)iece  of  small  brass  wire 
screwed  its  whole  Irn^tli,  tcrminatinc;  nt  each  end  in  a  little  capstan  head. 
It  is  attached  nt  right  angles  to  the  frame  aud  per|)endicular  to  the  plane 
of  the  mirror  by  means  of  a  small  stud  (/),  through  which  it  can  be  screwed 
in  order  to  adjust  the  whole  pendulum  to  the  required  verticality. 

3.  Electrodes. — Firmly  fixed  to  the  slate  base  are  two  stout  pillars  of 
brass  (m,  m),  |-inch  diameter  and  20  inches  high  ;  these  arc  connected  at  the 
top  by  a  bridge  of  stout  brass  (n),  to  the  centre  of  which  a  block  of  ebonite 
canjing  the  electrodes  (o,  o)  is  firmly  screwed.  These  consist  of  two  seg- 


Digitized  by  Google 


400       Mr.  R.  L.  J.  Eilery  on  a  Pendubm'Eleclrograph,    [Jane  18, 


menta  of  a  ring  of  biiM  of  4}  iniide  and  abont  4|  outiide  radios,  and  f  of 
an  inch  wide ;  thcj  are  firmly  serened  to  the  ebonite  so  as  to  form  together 
a  tnie  arcb»  bnt  with  the  end  at  the  vertex  sefiarated  by  about  ^  of  an  inch, 
care  bong  taken  that  they  are  perfectly  hitulated  from  one  another  and 
from  aU  other  parts.  Attached  to  each  electrode  is  a  stont  brssa  wire  {p  p') 
projecting  upwards  and  ending  in  a  ring*. 

4.  Ckarg9^eatnir0r, — On  the  alnmininm  stem  of  the  pendnlnm*  and 
about  two*third8  of  the  distance  between  the  centre  of  the  nlrrar  and  the  * 
ear?ed  piece  of  alumininm  from  the  fonner,  is  a  disk  of  gilded  mica  (jX  i  ^ 
inch  in  diameter  with  its  plane  parallel  to  that  of  the  minor;  fixed  to  the 
outer  metal  case  (to  be  described)  is  a  slidlng-tube  and  screw  (r),  throi^h 
which  passes  a  steel  wire  {$)  terminating  inside  the  case  with  a  disk  of  sbMt 
brass  1  inch  diameter.  This  is  so  arranged  that  the  wire  didc  can  be 
pushed  free  through  the  slidlng-tube  and  fixed  with  the  disk  at  any  defi- 
nite distance  from  the  mica  disk ;  while  a  further  and  gradual  approach  is 
Blade  with  the  sliding-tube  and  screw,  both  of  which  are  dirided ;  the  wire  is 
graduated  to  inches,  the  tube  and  screw  together  measuring  to  of  an  inch. 
The  large  disk,  when  withdrawn,  rests  against  the  side  of  the  covering  case 
6  inches  from  the  needle.  The  screw  is  a  four-threaded  one  with  six  turns 
to  the  inch,  and  is  sufiiciently  long  to  allow  of  2  inches'  motion  of  the  • 
sliding-tube. 

6.  Itftit^'Cradle. — This  consists  of  a  cradle  analogous  to  the  lifting 
apparatus  of  a  good  chemical  balance.  It  lifts  the  pendulum  at  three 
points ;  one  is  a  Y,  a  prolongation  of  the  kuife-edge,  the  other  two  ars 
formed  by  the  arms  of  the  balance-wire  ;  the  cradle  (M)  is  fixed  to  a  piece 
of  ebonite  (/)  projecting  from  a  tube  (u)  which  slides  on  one  of  the  pillai^ 
which  can  be  moved  up  and  down  to  the  required  extent  by  a  screw  (v  v) 
passing  upwards  through  the  bridge.  This  screw  is  worked  by  a  key  (ip) 
through  the  top  of  the  outer  case.  Tlie  cradle  is  set  upon  the  ebonite  with 
adjusting  screws,  so  that  it  can  be  mnrle  to  lift  the  pendulum  quite  symme* 
trically,  and  lower  it  wifhont  setting  it  vibifiting.  » 

f>.  The  outer  inetaVic  cover. —  rrr  is  a  cjlinder  of  ro]>prr  22  inches 
high  and  12  inches  diameter,  covered  at  tlie  top.  It  lias  a  flange  ^N)  of 
brass  at  the  bottom  which  is  ground  flat  and  tils  almost  air-tight  on  the 
slate  ?lftb  ;  three  studs  tind  their  places  in  tlirce  hoh  s  in  the  plpb  and 
Ivfc])  it  in  position.  In  tVnnt  of  tlie  niirror  is  the  window  (W)  of  the 
cylinder,  which  is  closed  by  a  piece  of  parallel  plate-glass,  and  covered  out- 
side by  a  metal  plate  having  two  tubular  openings,  to  which  are  lit  ted  the 
telescope  and  dark  channel  for  leading  the  sUt  of  light  to  the  mirror  and 
thenct  to  the  cylinder,  as  in  the  case  of  the  Kew  magnetograj)h?.  At  the 
back  and  opposite  the  window  is  the  charging-hole  (y);  this  is  an  opening 
lincrl  with  cbonite  and  having  a  cap  to  screw  on  outside.  Aliovc  the  win- 
dow, the  sliding-tube  and  screw  of  the  charge-measurer  {qr8)  is  fixed.  On 

*  Adopting  SirW.  Thoni'^on's  plan,  I  haresinee  coreredall  the  ebonite  or  Tulosidlv 
parts  with  paraffin  with  great  improvement  m  inaulatioiu 
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the  top  of  the  cylinder  are  two  tubular  apertures  lined  with  plugs  of  ebo- 
nite, through  which  the  external  pnrta  ot  tiie  electrodes  pasa.    The  key 

for  lifting  the  penduhnn  is  nlso  fitted  OQ  the  top  of  the  case. 

7.  The  charfj I }\y -apparatus. — This  consists  of  an  ordinary  t  lectrophorus, 
and  of  a  rod  of  wire  covered  with  iiutta  pcrcha  or  ebonite,  terminating  at 
one  end  in  a  brass  knob,  at  the  uiher  in  a  projection  of  uncovered  metal  for 
placing  in  contnct  with  the  rin;^  which  projerts  from  the  Levdeii  jar  pillar. 

Tlie  air  in.side  the  cyliridor  is  kept  perfect]  v  dry  by  two  leadeu  traySyCOll' 
tainiiig  lumps  of  pumice-stone  saturated  -witli  sulphuric  acid*. 

The  arrangement  of  light,  cylinder  for  photograph-papt  r  nnd  clockwork, 
as  also  of  the  readrng-telescopc  and  scale,  are  in  all  rcspt-cts  biniilarto  that 
adopted  for  the  vertical-force  mngnetograpU  of  K.ew,  and  described  in  tite 
Report  of  the  British  Association  for  1859. 

Tlie  water-dropping  aj>parutus  h  of  the  same  kind  as  described  by  SirW. 
Thomson  in  NichoPs  Cycloptedia  ( isiif),  firt.  "Atmospheric  Electncity  "). 
The  cistern  contains  ahoiTt  twenty-eight  gallons,  which  is  found  to  give  the 
rc(|uisite  stream  for  about  thirty  hours.  It  is  a  copper  vessel,  J  feet  square 
and  1  foot  high.  Keeping  it  shnllow  avoids  much  alteration  of  head  of 
water,  and  conscqiiently  secures  a  more  regular  ptroam  :  this  tauk  rests 
upon  four  ebonite  insulators  indoors.  A  copper  pipe  endiugina  fine  nozzle 
passes  through  a  liole  in  the  glass  of  the  window,  and  projects  to  about  f  our 
feet  bevond  the  wall  of  the  building;  the  tank  is  connected  \vith  the  elec- 
trometer in  another  chamber  by  meangof  a  copper  wire  very  tbiclUy  coTered 

with  gutta  iicrclia. 

The  mode  of  uf^in;:^  the  whole  apjiaratus  may  be  thus  describod.  The 
Leydeu  jaror  reservoir  is  first  charged  by  a  few  good  sparks  from  the  elcc- 
trophorus  ;  to  do  this  the  cover  of  the  opening  Cy)  is  removed  and  the 
charging-rod  inserted  so  that  the  bare  end  rest.s  on  the  ring  (c).  The 
sparks  from  the  elecfrophorus  are  theu  passed  to  the  brass  knob,  which 
projects  a  few  inches  outside  the  case.  The  rod  is  theu  withdrawn  and  the 
opening  closed.  The  act  of  charging  generally  se  ts  the  pendulum  oscilla- 
ting ;  it  soon  comes  to  rest,  however.  An  hour  after  charging  1  have  gene- 
rally found  the  charge  sufficiently  permanent  for  commencing  registration. 
The  two  electrodes  are  then  connected  with  the  earth  ;  in  a  minute  the 
reading  of  the  reflected  scale  will  give  what  may  be  styled  charge-zero, 
which  is  always  different  from  the  tero-reading  before  charging  the  jar, 
the  latter  being  the  reading  of  the  position  of  rest  of  the  pendulum  (which, 
by  the  bye,  I  make  so  sensitive  as  to  vibrate  about  once  a  second).  The 
charge  has  now  to  be  measured  in  terms  of  the  slide  and  screw.  To  do 
this,  the  wire  is  first  pushed  in  till  the  disk  is  at  some  definite  distance  from 
the  pendulmn-disk;  to  admit  of  thia  being  done  precisely  and  quickly,  a 

*  It  ia  neoesaaiy  tliattbe  sulphuric  aoid  be  quite  pure,  for  nitrio  acid  is  often  an  im- 
parity in  coinmeroial  samples,  which  »oon  corrodes  all  the  part«.  To  avoid  this,  it  is 
bc»t  to  iMat  the  aolphurie  aoid  well  ia  a  platinum  dish  and  drive  off  all  the  mtrons 
fumes.  *  *r 
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small  stop  {z)  is  fixed  on  the  rim,  aud  when  the  stop  is  home  and  the  screw 
and  slide  reading  two  iiiclif.»«,  the  disks  will  be  exactly  two  inches  apart. 
The  di^k  is  then  gradually  approached  by  means  of  the  screw  until,  by  the 
att  I- action  exerted  upon  the  peudulum  and  consequent  movement  of  the 
mirror,  the  reading  of  the  scale  has  altered  any  detinite  but  wmall  amount 
(say,  =10')  ;  the  indices  of  the  slide  and  screw  are  then  noted  and  entered 
as  the  charge-readin/j.  The  photographic  cylinder  is  now  adjusted  to  its 
place,  and  the  Jot  ot  light  tailing  on  it  ascertained  to  be  of  its  proper  bright- 
ness; for  after  charging  and  nfter  g^reat  atmos])heric  disturbances  the  pen- 
dulum will  be  found  to  have  shifted,  slightly  displacing  the  dot  laterally, 
and  rendering  it  weak  and  undeftiicd  ;  a  gentle  liCting  and  lowering  of  the 
pendulum,  however,  by  means  of  the  li/ting-ap^arattut  and  screw  sets  this 
right  immediately. 

The  air-electrode  (p)  is  now  disconnected  from  the  earth,  but  7/  is  leA 
connected ;  the  needle  then  assumes  a  slightly  different  position,  which  ailer 
fi?e  minutes  ii  read  off  by  the  telescope  and  entered  us  the  earik-reading. 
This  position  becomes  alto  photographed,  and  will  appear  as  a  short  but 
undisturbed  line  on  the  sheet.  At  the  end  of  the  five  muiutes  the  wire 
leading  to  the  water-dropper  is  attached  and  whole  left  for  twenty-four 
hours ;  at  the  expiration  of  this  period  the  tank  is  detached,  and  five  mi* 
nutea  after  the  earth-reading  taken  and  entered  as  before.  The  two  elec- 
trodes are  then  connected  and  the  charge  measured,  the  light  and  harrd 
readjusted  for  the  second  day's  cunre^  sode-reading  observed  and  entered 
again,  and  so  on  for  the  next  twenty*fovr  hours. 

The  curves  show  at  the  commencement  and  end  of  each  day  a  short 
straight  Ime  (see  specimen)  already  referred  to,  and  correspond!^  to  the 
minor's  position  for  the  euth-rea^ng ;  a  line  drawn  ftom  one  to  the  other 
of  these  glfss  the  aero  or  base-line  for  the  day ;  any  loss  in  the  ehaige  of 
the  jar,  whiidi  is  assumed  to  be  proportional  to  the  time,  b  thus  accounted 
for ;  for  the  line  will  be  inclined  to  the  edge  of  the  sheet  in  proportion  to 
the  loss  in  the  twenty-four  hours.  In  the  case  of  thU  electrometer,  the 
charge  of  the  jar  being  positire,  and  the  front  electrode  hemg  the  one  con- 
nected with  the  air,  a  positive  charge  will  raise  the  reflected  beam  of  light, 
and  a  negative  one  lower  it ;  so  that  the  curve  above  this  aero-line  indicates 
positive,  and  below  it  negative  electricity* 

It  now  remains  to  show  how  the  indications  of  the  apparatus  are 
reduced.  The  standard  I  have  adopted  is  one  cell  of  DanicU's  battery. 
The  deflections  of  the  pendulum  will  be  very  nearly  a  joint  measnre  of  the 
charge  of  the  jar  and  of  the  electric  potential  of  the  air  where  the  water 
breaks  into  drops;  the  charge  of  the  jar,  as  I  have  shown,  is  arbi^ 
trarUy  measured  in  terms  of  the  screw  every  day  ;  and  the  value  of  these 
tneasurcB,  in  terms  of  DanielKs  cells,  is  obtained  as  follows: — A  12-oeU 
Daniell's  battery  is  placed  at  hand :  the  reservoir  is  first  charged  pret^ 
highly  and  left  for  an  hour  :  the  electrodes  are  then  both  connected  with 
the  earth,  and  the  reading  of  the  reflected  scale  obtained  as  a  lero*  The 
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charge-measuring  diik  is  now  approached  to  the  pendnlom-diak  vntQ  a  iul^ 
fideut  deflection  is  caused  to  alter  the  scale-reading  (sfty,  IC)  Am  thoMrob 
and  the  indicatioD  of  the  slide-tube  and  serew  noted  m  e4«iy»-rMd^.  The 
electrodes  are  now  disconnected  from  the  earth  and  connected  with  the 
12-eeU  battery,  one  with  one  pole  and  one  with  the  other,  and  the  deflcetion 
then  read  off;  the  polea  are  then  rerersed  and  a  second  reeding  obtidned. 
The  charge-reading  is  now  obtained  again,  as  well  as  the  zero-rtadm^n 
The  fdlowing  aetnal  obaerrationa  will  Auther  elneidate  this  t— 

Scale-reading.  Sorvw-nading* 

Zeio   96*5 

CUiaige   940 

Battery  P   101  6 

Battery  N   90*4 

Charge   940 

Zero    96*2 

The  readbg  for  battery  in  first  poeLtiona  differs  from  aero  by  -f  5*  i  dirU 
none,  and  in  the  seeond  bj  —  5*8  diTieione.  A  defiectum  of  5-45  divisions 
is  therefore  equal  to  twdve  Daniell^a  cells  when  the  charge-reading  is 
940.  The  cihaigeia  now  reduced  and  the  same  process  is  gone  through. 
This  is  repeated  for  eight  or  ten  degrees  of  eharge ;  and  by  this  means  we 
obtain  a  set  of  readings  of  fhe  amount  of  deflection  caused  by  a  12-cell 
battery  for  tanous  states  of  the  charge,  as  well  as  arbitrary  measures  of  the 
charge  by  the  screw-  and  slide-tube. 

One  set  of  obserrations  gare  the  following  results 

■  When  tho  reading  of  the  ,  , 

clmrge-jiieasun^r  (with  Uie  Twelre  oeOi  Htnieirfl 

disks  near  enough  to  pro-  batforv  mn<e.  n  rk flpr- 
duoaa  defleotionof  pendulum  of 

1  00    0  06  seale-dldsions. 

2-00    076 

3  00    1'39 

400    1*90 

5-00    2-35 

6  00    2-80 

700    3'32 

8  00    3-90 

9  00    4-80 

10  00    5-89 

H'OO    7  30 

12  00    9  09 

The  dbtances  between  the  disks  when  the  charge-mesaurer  reads  1-00 
and  12-00  were  1*16  inch  and  3  inehes  respectively.  From  this  a  Table  is 
compotedf  In  which  the  value  of  the  scale-reading  and  of  the  ordiuates  to 
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tlie  curves  in  terms  of  the  Dftuieii'a  ceUfl  it  iliown  for  twerj  Taiue  of  ihe 

pharge  of  the  reservoir. 

This  apparRtus  has  scarcely  been  in  use  for  a  sufficiently  extended  {icriod 
to  allow  ol'  any  reliable  deductioDa  being;  made  as  to  the  existence  of  laws 
in  the  variatiuns  of  the  force  of  atmospheric  electricity,  or  of  any  relations 
that  mav  exist  between  this  and  other  meteorological  ])henomena«  Some 
fact9,  liawever,  can  be  already  gathered  from  the  curves  obtained.  These 
are,  first,  the  periods  of  maxima  and  minima,  which  are  most  distinctly 
shown.  The  former  occurs  at  from  6^  30"  to  30"'  a.m.,  the  latter  at 
from  1  P.M.  to  3  P.M.  A  second  maximum  at  from  9  to  lU  p.m.,  and  a 
second  minimum  at  from  midnight  to  2  a.m.  are  also  indicated. 

The  greatest  disturbances  take  place  during  our  northerly  winds,  es^peci- 
ally  in  dry  hot  weather,  when  a  very  great  negative  tension  often  occurs, 
so  strong  as  to  be  beyond  the  measuring- power  of  the  instrument,  in  which 
case  sparks  may  be  generally  obtained  from  the  uir-electrode.  The  usaal 
turning  of  the  wind  from  N.  to  iS.W.  is  always  accompanied  for  a  short 
period  by  au  almoat  equally  high  positive  tension,  but  during  stroiig  and 
hot  northerly  winds  the  high  negative  tension  lasts  as  long  as  the  wind 
blows  strong  and  dry. 

XIL  ''FnrthorparticiikrtoftheSwedialiPol^  In  a 

Letter  addietted  to  the  F^idenft^  by  F^.  A.  B*  Noftoiy- 
ixidLv.  Comnninicated  hy  the  Praideiit.  BeceiTed  June  1% 
1868. 

Stockholm .  June  7th.  18C<». 
Sir, — I  had  last  nii;lit  the  honour  of  receiving  yonr  letter,  and  hasten 
to  express  my  gratitude  tor  the  ofl'er  of  .some  mag;ueticai  insinmients.  As 
an  able  e/vve  of  Prof.  Edlund,  Dr.  Lcni»trum,  will  join  the  ex}>edition,  ex- 
clusively for  studying  the  meteorology  and  terrestrial  Trtap:uetisni  uf  these 
remote  regions,  I  hope  that  these  instruments  will  be  otten  mnl  advan- 
tageously employed.    But  t7te  expedition  will  start  from  Gottenbury  the 
\8t  July,  or  from  Tromm  the  Oth  July.    The  boxes  can  be  addressed  to 
Count  Ehremvard,  Gottenhurg,  or  Consul  Adf/anrd,  Tromso.  Excepting 
myself  and  two  oflicers  of  the  Navy  (Capt,  Baron  v.  Otter  and  Lieutenaat, 
Palander),  the  expedition  will  consist  of-^ 

Doctor  Malrogren, 
ft  Smittf 
Nystrom* 
Mr.  HolmgreDf 

Doctor  Fries,  In.-. 

'  Botanists, 

„      Bergren,  J 
Doctor  Lemstrbm,  *<  f  hysiker." 

A  Geologist,  a  Conierrotor,  and  about  80  Marinen. 


1  ZoologUta.  * 
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Almofft  an  the  sodogbta  imd  botanistt  WUl,  homvnf,'  Ktnra  in  Sep* 
tember*  with  a  abip  hired  for  the  porpoi^  and  the  ftmiiiiiDg  pirty  wUl 
tij  to  go  fhrther  northward,  west,  or  eastward,  ISrom  the  north'West  part 
of  Spitsbergen,  where  the  expeditbn  can  obtain  a  soffident  depdt  of  Ea- 
glish  coal.  We  will  also  try  to  employ  the  brown  coal  of  Kingfs  Bay  s 
bat  I  fear  this  snpply  is  not  to  be  relied  npon. 

Xm.  ''An  attempt  to  apply  Chemical  Principles  in  explanation 
of  the  Action  of  Poisons.'^  By  W«  H.  Bboadbxnt^  M.D. 
Communicated  by  Dr.  F.  Sibson^  P.B.S.  Beceived  June  18^ 
1868. 

(Abstract.) 

The  starting-point  in  the  iuquiry  has  beeu  the  two  following  pos- 
tulates : —  ' 

1 .  That  there  must  be  some  relation  between  the  substance  administered 
and  the  animal  organism,  on  which  the  effects  depend. 

2.  That,  so  far  as  tliu  substance  ia  concerned,  Liie  basis  of  the  relation 
can  only  be  it^  chemical  properties,  using  the  term  in  its  widest  sense. 

From  these  postulates  follow  certain  t:o! oUarien 

1 .  Tliat  the  physiological  and  therapeutic  action  of  the  same  substance 
must  be  similar  in  kind. 

2.  That  the  action  of  food,  remedies,  and  poisons  must  he  capable  of 
explanatbn  on  the  same  principles. 

3.  That  substances  chemically  allied  should  have  nmilar  physiological 
and  thenpentie  actions,  or  any  diversity  found  to  exist  should  be  capable 

-  of  explanation  on  ehemicsl  grounds. 

The  seoond  of  these  dednetioos  is  tshen  as  a  guide  in  theprssoit  inquiry. 
Something  is  known  as  to  th^  uses  of  the  Tsrious  elssses  of  foods  in  the 
economy,  and  of  the  mode  in  whidi  they  subserre  these  uses;  this  know- 
ledge may  be  applied  io  the  endeavour  to  ascertain  the  mode  of  action  of 
poisons.  ' 

-  The  operations  taking  place  in  the  animal  organism  may  be  divided 
into  two  great  classes  i — (a)  for  maintenance  of  stmcture,  Qi)  for  erolulion 
of  force.  While  mntnally  interdependent*  they  are  distineti  and  in  cha- 
racter essentially  antagonistic,  structural  and  ehemicsl  daboratum  on  the 
one  hand,  oxidation  or  disintegration  on  the  other. 

The  two  great  dasset  of  food,  organic  and  mineral,  arc  in  close  relation 
with  these.  The  organic  foods  bnild  up  the  tissncs,  bat  ultimately  undergo 
exidalion  and  yield  force.  The  inoiganic  foods  take  a  subotdioate  part 
in  the  composition  of  the  textures  ;  they  do  not  yield  force  by  oxidation, 
but  they  influence  the  nutritiTC  processes.  So  also  the  orgamc  remedies 
and  poisons  afRpct  the  evdntion  of  force,  mineral  substances  the  oiganic 
processes. 

(The  action  of  mineral  matters  hss  been  noticed  elsewhere.) 
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The  force  evolved  in  the  animal  organisui  Lakes  the  form  of  heat,  motion, 

and  nervous  action  ;  hnt  there  are  very  iniportftiit  points  of  diflference  be- 
tween heat  on  the  one  lianJ  and  ncrvo-nuiscular  action  on  the  other,  hoth 
as  to  l\ic  })art  they  take  iti  the  vital  proceiiiies,  and  in  the  conditions  of 
their  evolution. 

It  is  through  their  action  on  the  nervons  system  that  the  powerful 
organic  poisons  destroy  life;  and  in  order  to  understand  this  action,  it  is 
necessary  to  consider  closely  the  evolution  of  nerve-force,  and  to  endeavour 
to  realiie  the  chcmictl  oonditbns  implied. 

In  tho  fint  place,  the  eonice  of  nerve-force  is  oxidation,  and  the  seat  of 
the  oxidttioa  It  the  nervous  strnctnree,  Tliie  ii  generally  admitted,  and 
aeena  to  be  concloiiTely  established  by  an  analysis  of  the  phenomena 
observed  in  experiments  with  a  prepared  frog's  leg. 

This  admitted,  it  Is  to  be  noted— 

1,  That  nerve^wtton  Is  Intermittent  and  of  varying  intensitj,  and  that 
in  addition  to  the  presence  of  the  oxygen  hrought  to  the  nerve-stmctnres 
bj  the  bloody  an  impulse  from  without,  or  irom  some  other  part  of  the  * 
nervons  system,  is  necessary  to  determine  the  evolotion  of  the  force. 

2,  Agfdn,  there  Is  a  storing  up  of  potential  eneigy  in  the  nervons  strae* 
tnies  s  witness  the  necessity  for  sleep,  &e. 

3,  A  dne  supply  of  oiygen  is  required.  The  phenomena  of  asphyxia 
show  that  the  demand  is  most  nigent  In  the  hemispherical  ganglia. 

These  facts  indicate  that  the  constituent  of  the  nervous  structures  hj 
ondation  of  which  the  force  Is  yielded,  possesses  what  I  have  ventured  to 
esil  chemical  tenaon,  a  property  which  does  not  bdong  to  non-nitiogen- 
ised  mstter,  or  to  all  nitrogenised  matter.  It  will  be  Ihrther  explained 
later ;  for  the  present,  it  is  sufficient  to  refer  to  nitroglyoerine  as  an  ex* 
treme  example. 

The  protagon  of  Liehreich,  and  the  nenrine  recently  identified  by  Wurta^ 
with  hydrate  of  trimetbyl*oxethyl-ammonium,  have  this  characteristic  In 
a  certain  degree. 

Turning  now  to  the  poisons  which  kill  by  their  powerful  action  on  the 
nervous  system.  They  all  contain  nitrogen,  and  dl  possess  chemical  ten- 
sion ;  and  these  seem  to  be  the  only  points  common  to  the  entire  group. 

Nitrogen  cannot  be  the  poisonous  dement;  it  has  no  great  chemical 
energy,  and  it  is  present  in  large  proportion  in  substances  which  are 
inert.  It  is  nevertheless  the  pivot  on  which  the  deadly  influence  turns. 
Its  affinity  for  H,  O,  and  especially  for  C,  is  only  feeble.  When,  therefore, 
in  a  molecule  containing  C,  H,  and  N,  or  C,  H,  N  and  O,  the  elements  are 
not  so  arranged  that  the  mutual  affinities  of  C,  H,  and  O  cooperate  to 
maintain  tiie  Integrity  of  the  molecule ;  there  may  be  a  more  or  less  powerftd 
tendency  on  the  part  of  C,  II,  and  O  to  rearrange  themselves  without  re- 
gard to  the  N,  or  to  combine  with  O  or  H,0  if  presented.  This  is  what 
is  meant  hy  the  term  ohcmicnl  tension.  In  the  example  given,  nitrogly- 
oerine {C,H,(NO,),0,},  tlie  dislocation  is  of  O  from  N  in  favour  of  C  and 
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H.  Equally  striking  examples  of  dislocation  of  N  iVoni  C  or  11  caunot 
be  giveii,  and  it  ia  not  easy  in  all  cases  to  point  out  the  source  of  the  tension. 
A  Tery  iniportant  method  in  which  the  balance  of  nillnities  is  deranged 
and  the  coudition  of  teusiou  brought  about,  is  by  depurturc  trom 
a  stable  type,  as,  for  instance,  in  the  nitrite  bases,  which  are  residues 
deiir^  from  ammonium-salts  by  dehydration.  To  this  class  belong 
morphia,  Btrychnia,  brucia,  and  most  poisonous  alkaloids.  Additional 
interest  ii  giTen  to  theee  compoimde  by  the  fact  that  Dr.  Cram  firown 
and  Dr.  Fiaaer  bn?e  dunm  that,  by  introduetion  into  tlie  moleeule  of 
methjl-iodide,  carrying  back  the  oonatitotion  a  step  in  the  direction  of 
the  ammontam  type,  the  poisonona  effects  are  greatly  diminished*  and 
entirely  altered  in  eharaoter. 

Let  the  deduction  as  to  the  erolution  of  nerre-force  be  accepted,  and  we 
have  in  the  introdnction  into  the  blood  of  snbetances  having  Tarying  degrees 
and  directions  of  tension  an  intelligible  method  of  indnendng  its  mani- 
festations. 

Looking  now  upon  nerve-action  as  a  result  of  oxidation*  in  the  various 
methods  by  which  this  oxidation  may  be  influenced*  analogies  may  be 
traced  with  conditions  which  affect  ordmaiy  combustion,  ^ese  condi* 
tions  are— 

1.  The  supply  of  oxygen. 

2.  The  character  of  the  combustible. 

3.  The  presence  of  products  of  oombustionj  or  of  bodies  having  a 

similar  influence. 

It  is  of  course  necessary  to  bear  in  mind  the  pecnliarities  of  the  oxida- 
tion yielding  nerve-force,  the  differences  between  combustion  and  oxidation 
in  the  moist  state*  and  the  special  modifying  conditions  of  the  animal 
organism.  For  example*  while  in  asphyxia  the  deprivation  of  oxygen 
arrests  all  nervous  action*  the  respiration  of  undiluted  oxygen  does  not 
intensify  it,  either  because  the  blood  will  only  take  up  a  certain  pro- 
portion of  oxygen,  or  more  probably  because  the  effects  of  the  O  are 
expended  in  altering  the  blood*  which  is  thus  oxidized  instead  of  being 
oxygenated. 

The  analogies  to  the  above  conditions  found  lu  the  action  of  substances 

on  the  nervous  system  are — 

1.  The  liberation  in  the  nascent  state  in  the  nctrous  stnictnres  of  C  and 
H,  which  appropriate  the  O  brought  by  the  blood,  and  so  produce  a  result 
equivalent  to  the  exclusion  of  O.  The  C  and  II  are  set  free  by  the  dis- 
locating influence  of  N*  and  the  example  of  this  mode  of  action  is  furnished 
by  prussic  acid. 

The  converse  of  this,  the  liberation  of  0  by  a  similar  process,  is  not 
likely  to  occur,  m  O  is  never  present  in  an  organic  body  in  exeess  of 
the  proportion  which  would  fully  oxidize  the  other  elementary  consti- 
tuents. 

2.  The  analogy  to  the  influence  on  the  energy  of  combustion  by  the 
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character  of  the  corubustible,  is  found  in  the  introduction  into  the  blood  of 
substances  hiu  ing  chemical  tension,  holding  different  relatioua  to  the  tension 
of  the  nervous  inatter. 

3.  The  at  tioii  of  aniesthetics  on  the  nervous  system  furnishes  a  strict 
parallel  to  the  influence  of  CO.^  on  comhustion. 

The  rationale  here  givcii  as  to  tlie  action  of  aneesthetics  is,  for  the  pur- 
poses of  tlie  present  paper,  taken  as  established  by  the  late  Dr.  Snow. 
Oljjcctions  which  have  been  made  to  it  are  capable  of  removal  by  experi- 
ments and  considerations  which  need  not  here  be  adduced. 

Considerable  importance  ia  attadifid  to  the  establishment  of  the  expla- 
nation here  given  of  Uie  aetkn  of  praido  add.  Stated  more  explicitlj, 
tbie  ezpliiiation  i8«  that  the  proMic  add  is  eanied  hj  the  blood  to  tfao 
neire-centrea;  that  under  the  inflnenoe  of  the  aflinities  thai  bfong^t  to 
bear  upon  it  (affinities  whicfa  normallj  determine  the  oiidation  bjr  which 
nenre-foroe  is  erolved)*  its  elements  are  didoeated  ftmn  eaeh  other,  and 
the  G  and  H  Uberated  in  the  latent  condition  appropriate  the  O  destined 
for  the  evolution  of  nerre-foice  mbiktk  is  thus  arrttrted* 

This  explanatbn  is  tu^etted  hj  the  eompodtion  of  hydrocyanic  add» 
HCy.  Cyanide  of  potssdum  KOy,  agsiui  is  used  as  a  poweHbl  re- 
ducing agent  in  diemical  processes.  Its  liability  to  the  change  wbii^ 
will  permit  its  dements  to  exercise  thdr  indindud  aUnity  Ibr  O,  is  indi- 
cated by  its  spontsneous  decomposition  in  water,  by  its  podtiai  as  a  nitiile 
(fcnnio-mtrile).  Corroborative  evidence  that  it  is  by  means  of  sndi  a 
diange  that  it  acts,  is  furnished  when  the  dements  are  hdd  together  by 
tome  supporting  affinity,  as  in  ferro-cysnogen.  But  the  best  example  is 
in  idphocyanogeii  and  hydrosulphocyanic  acid,  which  of  themselves  are 
poisonous  (t«  e.  cannot  resist  the  dislocating  influences),  but,  reinforced 
by  a  base,  are  innocent.  [A  pardlel  to  this  b  seen  in  aniline,  which  is 
poisonous,  and  in  sulphate  of  aniline»  which  is  not.  See  Iiond.  Bump. 
Beports»  Dr.  i«etheby.] 

The  phenomena  by  poisoning  by  prussic  acid  are  perfectly  consistent 
idth  this  view.  AU  obserrers  hare  noted  their  similarity  to  those  of 
asphyxia. 

Still  more  striking  is  the  fact  that  artificial  respiration,  and  espe- 
cially with  o^gen,  is  the  great  means  of  neutrehiing  the  effects  of  this 

poison. 

Probably  this  chain  of  fncts  would  be  considered  conclusive,  were  it  not 
tlmt  the  }iy]K)tlicsi3  ns  to  the  inodc  of  dt^ath  by  H  Cy  is  paralysis  of  the 
respiratory  movements.  This  liyjiothcsis,  bowerer,  «!till  lepivcs  nnexplaincfl 
the  cause  of  the  paralysis  itself,  and  therefuic  t])c  real  mode  of  action  of 
the  poison.  It  is,  moreover,  inconsistent  with  certain  of  the  phenomena ; 
the  respiratory  nerve-centre^  are  actually  the  last  to  be  paralysed,  except 
those  concerned  in  the  art  ion  of  the  heart. 

Experiments  nevertheless  have  been  made  for  the  purpo'^e  of  nscertiiinlng 
whether  the  previous  respiration  of  undiluted  oxygen  would  retard,  or  iu 
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•ay  meMure  pment  the  action  of  pnusic  aeid.  The  results  have  been  by 
no  means  uniform  ;  but  iDstances  have  ooeurred  (rats  being  the  animals 
used)  in  which,  after  the  injection  of  an  OTerwhelraing  dose,  the  fatal 
efifect  has  been  delayed  quite  beyond  the  operation  of  accidental  causes ; 
and  again,  in  which  a  dose  fatal  to  two  rats,  and  barely  survived,  after  a 
long  train  of  symptoms,  by  one  other,  produced  comparatively  little  effect 
on  another  after  the  respiration  of  oxygen. 

It  has  been  found  also  that  a  proportion  of  prussic  acid  diffused  in 
equal  volunicd  of  air  and  of  oxygen*  has  a  decidedly  less  powerful  action 
on  the  animal  in  the  latter  case. 

With  frogs  the  results  were  most  contradictory  and  cmhui  r:^^sing,  till  it 
was  discovered  that  prussic  acid  injected  under  the  slvin  liad  sc  irccly  any 
action  on  them.  But  if  tboy  were  subsequently  placed  under  a  L;ljisa  shade, 
or  ill  sfune  other  confined  atmosphere,  into  which  the  acid  diliused,  it 
would  gradually  aftect  them.  It  seems  probable  that  tlie  affinities  in 
operation  in  the  nervous  sti  uotures  of  the  frog  are  not  sutiiciently  energetic 
to  determine  the  decompo  itiou  of  the  H  Cy«  which  will  then  act  upon 
this  animal  as  an  auffistbetic. 

Nitroglycerine  was  at  first  made  the  subject  of  experiment,  under  the 
idea  that  possibly  oxygen  might  be  evolved  from  the  NO^,  wliich  is 
substituted  for  three  ec|uivalents  of  H  in  the  typical  molecule.  Sub- 
sequent reflection  showed  that  this  is  not  likely  to  occur ;  but  the 
fact  remains,  that  it  i.s  a  substance  liable  to  change,  and  very  highly 
charged  with  o^cygen,  a^i  compared  with  tlie  ordinary  constituents  of  the 
body. 

It  is  a  very  powerful  poison,  having,  however,  entirely  different  effects 
on  frogs  and  rats. 

In  frogs  it  vexy  speedily  induces  powerful  tetanic  oonTolsions  (a  single 
drop  of  a  solution  one  pint  of  nitroglycerine  In  Ibnr  parts  of  methyl  in 
aloobol  placed  on  the  back  of  a  frog  is  folbwed  In  fire  or  eig;ht  minutes  by 
stiffness  of  morement,  and  in  thirtosn  to  sixteen  minutes  by  most  violent 
spssms).  In  rats  an  hour  or  more  elapses  before  any  symptom  is  maniftsfy 
and  tben  death  is  by  a  gradually  increanog  fteblmiess  of  moTement».in 
two  or  three  hours*  without  oonvolnott. 

It  is  unq[ueBtionable  that  this  difference  in  the  effects  has  a  relation  with 
the  oxygen  eontatned  in  the  nitroglycerine.  The  contrast  with  prussie 
add  in  the  action  on  warm  and  cold-blooded  animals  is  suggested. 

A  very  extended  and  comprehensive  inquiiy,  both  as  to  the  conditions 
in  the  nervous  system  associated  with  eouTulsionSt  tetanus,  delirium,  &c., 
and  into  the  relations  and  constitution  of  the  poisons  which  give  rise 
to  these  symptoms,  is  neceesaiy  before  the  second  analogy  can  be  followed 
out  with  any  confidence.  Bxperiments  are  being  made  with  substances  of 
known  composition  and  constitution,  with  a  view  to  elucidate  this  part 
of  the  question. 

In  condusioo^  two  points  are  comidered  which  cannot  be  passed  orer  in 
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RUT  nttempt  to  npply  the  principles  of  physical  and  chemical  science  to 
the  ca'jp  of  poisons. 

The  tirst  is  as  to  the  minuteness  of  the  fatal  dose.  Any  explanation, 
before  it  can  be  accepted,  must  show  that  the  cause  h  ndeqiiatc  to  produce 
the  effect.  This  is  a  difficulty  in  the  path  of  any  rntinnal  explanation.  It 
is  attempted  to  meet  it  by  showing,  on  the  one  baud,  that,  tlic  erpuTalency 
of  nerve-force  is  extremely  small,  by  reference  to  its  analogy  with  clectricaJ 
currents,  and  by  other  considenitiuns,  and  that  therefore  the  degree  of 
chemical  change  involved  in  its  evol  ution  is  also  small ;  and,  on  the  other 
hand,  the  maximum  of  force  to  be  obtained  from  an  organic  bodj  is 
through  the  exercise  of  the  affinities  of  its  individual  elements. 

The  second  point  is  as  to  the  special  action  of  certain  ]ioisons  on  par- 
ticular IK  rvous  centres, — strychnia  on  the  cord,  morphia  on  the  brain,  ..Vc, 
the  substances  being  carried  by  the  blood  to  all  alike.  It  is  as  necessary 
to  explain  why  no  effect  is  produced  on  those  centres,  or  tracts  which  do 
not  suffer,  as  to  explain  the  action  on  tlie  one  which  does.  The  explana- 
tion is  sought  in  the  fact  that  the  difference  in  the  functional  aettvity  of 
the  brnn  and  cord,  the  need  for  sleep  by  the  braiot  not  experienced,  at  my 
rate  In  the  same  degree,  by  the  cord,  point  to  a  difference  of  tensioii,  and 
therefore  of  relation  with  the  substances  which  act  as  poisons.  This  oon- 
rideration  wfll  apply  where  the  differences  of  susceptibility  and  of  tension 
are  not  so  marked. 

But  this  is  only  part  of  a  still  wider  question— the  different  action  of 
poisons  on  diffierent  dasses  of  animals.  The  ezplsnation  is  still  the  same. 
Difference  in  the  functional  energy  or  activity  of  corresponding  nerve- 
eentres  implies  difference  of  tenaon. 

The  foUowbg  fiusts  bear  strikingly  on  this  point  :— 

1.  Ansesthetics  sffect  all  dasses  of  animals  alike,  t.  e,  when  the  efleet 
b  a  general  arrest  of  oxidation. 

2.  Strychnia,  which  acts  on  the  cord,  affects  all  animals  alike.  Hie 
spinal  system  is  the  centre  which  is  most  similar  in  its  endowments  in  all 
classes  of  vertebrates. 

3.  The  poisons  which  have  the  most  diverse  action  on  different  animals 
are  ludi  as  in  man  act  on  the  oerebral  ganglia. 

XIV.  ''On  the  Commnnicitbn  of  Vibration  from  n  Tibrating  Body 
to  a  surrounding  Gas.'*  By  G.  G.  Stokes,  M.A.,  Sec.  R.S.,  Fel- 
low of  Pembroke  College,  and  Lucasian  Professor  of  Mathematics 
iu  tlie  University  of  Cambiidgc.    Kcceived  June  18,  i8G8. 

(Abstract.) 

In  the  first  vol n me  of  the  Transactions  of  the  Cambridge  Philosophical 
Society  will  be  found  n  paper  by  tlie  iatc  Professor  John  Leshe,  describing 
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some  curious  experiments  which  show  the  singular  incaptdty  of  hydrogen 

either  pure  or  mixed  with  nir,  for  receiving  and  conveying  Tibratioos  £om 
a  bell  rung  in  the  gas.  The  facts  elicited  hj  these  experiments  seem  not 
hitherto  to  have  received  a  satisfactory  explanation. 

It  occurred  to  the  author  of  the  present  paper  that  they  admitted  of  a 
ready  explanation  as  a  consequence  of  the  high  velocity  of  propagation  of 
sound  in  hydrogen  gas  operating  m  a  peculiar  way.  When  a  body  it 
slowly  moved  to  and  fro  in  any  gas,  the  gas  behaves  almost  exactly  like  an 
incompressible  fluid,  and  there  is  merely  a  local  reciprocating  motion  of  the 
gas  from  the  anterior  to  the  posterior  region,  and  back  again  in  the  opp(H 
site  phase  of  the  body's  motion,  in  which  the  region  that  had  been  ante- 
rior becomes  posterior.  If  the  rate  of  nltcrnfttion  of  the  body's  motion  be 
taken  greater  and  greater,  or,  in  otlier  words,  the  periodic  time  less  and 
less,  the  condensntion  and  rarefaction  of  the  gas,  wliich  in  the  first 
instance  was  utterly  insensible,  presently  becomes  sensible,  and  sound<!- 
waves  (or  waves  of  the  same  nature  in  case  the  periodic  time  be  beyond 
the  limits  of  audibility)  are  produced,  and  exist  alone:  with  the  local  reci- 
procating llow.  As  the  periodic  lime  is  diminished,  more  aud  more  of  the 
encrdachii.ciit  of  the  vibrating  body  on  the  i^as  goes  to  produce  a  true 
sound-wave,  If  >s  and  less  a  mere  local  recijirocating  flow.  For  a  given 
periodic  time,  and  given  size,  form,  and  mode  of  vibration  of  the  vibrating 
body,  the  gas  behaves  so  much  the  more  nearly  Uke  an  incompressible  fluid 
as  the  velocity  of  propagation  of  sound  in  it  is  greater ;  and  on  this 
account  the  intensity  of  the  sonorous  vibrations  excited  la  air  as  compared 
with  }>ydrogen  muy  be  vastly  greater  than  corresponds  merely  with  the  dif- 
ference of  density  of  the  two  gases. 

It  is  only  for  a  few  simple  geometrical  furnis  of  the  vibrating  body  tliul 
the  solution  of  the  problem  of  determining  the  motion  produced  in  the  gas 
can  actually  be  effected.  The  author  has  given  the  solution  in  the  two 
cases  of  a  vibrating  sphere  and  of  an  infinite  cylinder,  the  motion  hi  the 
latter  ease  facing  supposed  to  take  place  in  two  dimensions.  The  former 
is  taken  as  the  representative  of  a  bell ;  the  latter  is  applied  to  the  case  of 
a  vibratmg  string  or  wire.  In  the  case  of  the  sphere^  the  numerical  results 
amply  establish  the  adequacy  of  the  cause  here  considered  to  account  for 
the  results  obtained  by  Leslie.  lo  the  case  of  the  cylinder  they  give  an 
exalted  idea  of  the  necessity  of  sounding-boards  in  stringed  instruments ; 
and  the  theory  is  further  applied  to  the  explanation  of  one  or  two  inter- 
esting phenomena. 
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XV.  ''An  Account  of  certain  Experiments,  on  Aneroid  Baro* 
meters,  made  at  Kew  Observatory,  at  the  expense  of  the 
Meteorological  Committee/'  By  33.  Stbwart.  Commnni- 
cated  by  the  Meteorological  Committee.  Bieodved  June  3, 
1868. 

In  judging  of  the  value  of  an  instrument,  such  as  an  aneroid,  it  is  not 
the  mere  extent  of  difference  between  its  iudications  and  those  of  a  standard 
barometer  that  ought  to  guide  us;  but  it  is  rather  the  coustancy  of  its 
indications  under  the  various  circumstances  to  which  it  may  be  subjected, 
that  determines  iti  value. 

An  aneroid  may  differ  from  a  standard  barometer  at  the  ordinary 
pressure,  and  to  a  greater  extent  at  other  pressures ;  but  provided  these  dif- 
ferences can  be  well  ascertained  uid  remain  constant,  such  an  instrument 
ought  to  be  regarded  as  Talnable,  just  as  much  as  a  chronometer  of  known 
constancy,  hat  of  which  the  rate  ii  wrong. 

The  dreamstanoes  which  may  he  supposed  to  affeet  the  faidieatioiii  of  an 
aneroid  may  be  classed  vnder  thne  heads,  namely : — 

(1)  Time. 

(2)  Temperature. 

(3)  Sudden  variations  of  pressure. 

(1)  THme. — Of  the  influence  of  time,  I  am  not  able  to  say  much  ;  Captain 
Henry  Tovnbee  has  allowed  me  to  examine  the  vari  )us  readings  of  an 
aneroid,  which  he  carried  about  with  him  for  niaay  years  iu  his  voyages* 
and  constantly  compnred  with  a  standard  barometer. 

This  aneroid  (which  I  shall  call  No.  1)  was  between  4  and  5  inches  in 
diameter,  and  was  compensated  for  temperature. 

In  July  IbGO,  as  c  omiiared  with  a  standard  barometer,  it  read  U  023  iu. 
too  low.  In  September  1862  it  read  (at  the  same  temperature)  about 
0*012  in.  too  low;  while  in  March  1864  (still  at  the  same  temperature) 
it  read  about  0*020  in.  too  luw. 

This  instrument,  wliich  was  well  cared  for,  and  which,  being  used  chiefly 
on  the  surface  of  the  ocean,  was  subjected  neither  to  a  very  great  nor  to  a 
very  sudden  change  of  pressure  must  be  allowed  to  have  retained  its  cha- 
racter with  great  constancy. 

This  \&  tiie  only  deiinite  iulurmatiou  regarding  the  effect  of  time  on  these 
inbLi  unients  which  I  have  received. 

(2)  Temperature. — A  good  aneroid  is  generally  compensated  by  its  maker 
for  the  cflects  of  temperature,  and  the  question  to  be  investigated  is,  to  what 
extent  such  compensations  are  trustworthy.  I  record  the  results  (obtained 
at  the  Kew  Observatory)  of  subjecting  six  aneroids,  each  A\  inches  in 
diameter,  made  by  two  different  makers,  to  a  very  considerable  range  of 
tempeiattire. 
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These  results  arc,  on  the  whole,  very  satisfactory,  nnd  appear  to  show 
that  a  well-made  conrpensnted  instrumeat  has  its  indicatioua  comparatively 
little  affected  by  i\  very  ( unsiderable  temperature  change. 

It  ouglit  nhvays  to  Ijc  borne  in  mind  that  an  aneroid  is  not  capable  of 
being  read  to  the  same  accuracy  as  a  standard  barometer,  find  that  tlie 
yj^  of  an  inch  is  a  very  bmall  quantity.  These  temperature  experi« 
meuts  were  made  at  the  ordinary  atmospheric  pressure. 

I  am  unable  to  say  wbat  effect  a  change  of  temperature  would  have  at  a 
diminished  pressure. 

(3)  Sudden  chanycis  of  pressure. — A  preliminary  investigation,  made  at 
the  request  of  Mr.  De  La  Rue,  into  the  behaviour  of  an  aneroid  belonging 
to  the  Italian  Government,  seemed  to  show  cinisiderable  error  at  low  pres- 
sures. For  the  purpose  of  investigating  tlie  inducnce  of  sudden  changes 
of  pressure  upua  tht;  mdiciitions  of  aneroids,  I  then  applied  to  soinc  (jf  (he 
best  known  makers  of  these  instruments,  for  the  loan  ot^  soAcral,  and 
through  their  courtesy  in  knJing  me  a  sufficient  number,  and  for  a  suf- 
ficiently long  time,  I  have  beeu  enabled  to  iuvestigate  tiii^  influence  at  some 
length. 

In  the  following  experiments,  the  instruments  were,  to  begin  with,  sus- 
pended vertically,  at  the  usual  atmospheric  pressure.  Tliey  were  tapped 
before  being  read.  The  pressure  was  then  lowered  an  mch,  and  the  in- 
■tnxment  allowed  to  remain  ten  minutes  at  this  pressure  before  being  read, 
after  having  again  been  well  tapped. 

The  piVMore  vras  thus  reduced  an  inch  every  time,  being  allowed  to 
Timalii  tin  mbiilea  at  each  stage ;  the  inatrament  wai  always  well  tapped 
bcfbn  bebg  read^  by  meani  of  an  afraiigeBicnl  oontrived  Ibr  this  purpoae 
by  Mr.  Bt  Beekley.  Tha  «diauatiott  was  emnled  downwatds  to  19  inehes 
In  tha  ease  of  those  instraments  in  which  the  scale  was  snifidently  great, 
and  the  instmment  was  aUowed  to  lemain  an  honr  and  a  half  at  its 
lowest  pffflsnre ;  the  air  ynm  then  admitted  an  tneh  at  a  time,  the  pierious 
arrangement  as  to  time  and  tapping  being  followed. 
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down  reftdlngSj  and  by  supporing  (Mich  aneroid  right  to  start  with  (aay^ 
right  at  20  inches),  that  ia  to  aajr*  hj  correcting  each  uutrtttnent  for  index 
error.   We  thus  obtain 
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If  now  we  separate  the  results  of  Table  II.  into  two  sets,  one  couiiri-ing 
large  (1  to4i  inch)  aneroids  and  the  other  small  instruments,  we  shall 
find  the  mean  down  correction  for  large  aneroids  to  be  as  follows. 


29  in. 

28  in. 

27  in. 

26  in. 

25  in. 

24  in. 

23  in. 

22  in. 

21  in. 

20  in. 

1910. 

Mean  oonvofeion  for 
large  aneroids,  gra- 
duated to  19  in. . . 

'OO 

•00 

•00 
— •©» 

+  02 

+  •03 
+•03 

+•04 
+■04. 

+  •04 
+•08 

-I--07 
+  10 

+'>9 

In  like  manner  we  bhall  tind  for  s  1  tiall  aneroids^  supposed  right  at  29  iuche^iy 
the  following  mean  correction : — 

29  in. 

zi  in. 

*7  in. 

26  in. 

25  in. 

24  in. 

23  in. 

22  in. 

21  in. 

20  in. 

19  in. 

BI«m  oorroction  for 
■mall  aneroic1i(,gra- 
duated  to  J9in.  .. 

•00 
*oo 

+•01 
+•03 

+  *02 

+•07 

+  •03 
+  •12 

+•07 
+•16 

+  07 
+  •20 

+  •27 

4--12 

+•25 

It  win  bo  seen  that  there  are  two  inataneee  ia  which  the  lanko  inetnt- 
ment  haa  been  twice  experimented  on.  Aiatimtng  that  the  mean  of  tlie 
two  experimenta  repreaenta  the  true  ooneetion  for  each  of  theae  inatm* 
menta,  we  find ; — 

1 

19  in. 

28  in. 

27  in. 

26  in. 

25  in. 

+  •06 
+  •02 

24  in.i  23  in. 

1 

22  in. 

21  in. 

20  in. 

1 

19  in. 

No.  8. 
Mean  correction, 
deduoed  from  two 
co^enmwits  •  •  • . 

Mean  m^mm  flnt 
drtcffinimlion  . . 
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*00 

— •»! 
+•01 

+•02 

+•02 
+•02 

-J- 06 
+•03 

+  11 

+  -OX 

+  15 

+  OI 

+*iS 
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+*«3 

+•01 

•  ■  I- 

+•30 
+-02 

In  like  manner : — 

I 

29  in. 

28  in. 

27  in. 

26  in. 

'25  in. 

24  in. 

-fC2 

1+0. 

23  in. 

22  in. 

1  21  in. 

20  in. 

1 

19  in.| 

1 

No.  9. 

pcriment*  ...... 

Mean  minm  first 
determination  . . 

•00 

•00 1 

4-*oi 
+  01 

+•02 

-t-"02 

+  03 
+  02 

4- '02 
+•03 

+  •03 

1 

r-j-06 

1 

1- 

+  •11 
— -02 

+•15 

*      -  - 

j  — •©»  : 

We  lee  from  theie  leanlta  that  if  aneroida^  right  to  begm  with,  be  anb- 
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jected  to  a  decrease  of  pressure  similar  to  that  to  which  thojr  were  subjected 
in  these  experiments — 

(1)  That  a  wcll-conatructcd  hirgc  aneroid  will  not  go  far  wroii;:;  down 
to  24  inclic?,  but  after  that  ]irestiure  its  reading  will  be  considerabiy  lower 
than  tliat  oi  a  staudard  barometer,  so  that  a  large  positi?e  correction  will 
ha?e  to  be  applied. 

(2)  That  small  aneroids  are  le?s  tru:,tworthj  than  large  ones^  and  pro- 
bably caimot  be  trusted  beiow  26  indies. 

(3)  That  if  previous  experiments  are  made  upon  an  aneroid,  we  nre 
enabled  by  this  meaus  to  obtain  a  table  of  corrections  which,  wlicn  applied 
to  future  observations  with  the  same  instrument,  will  most  j)robably  pre- 
sent lis  with  a  much  better  result  than  Lad  we  not  verified  our  instrument 
at  all,  and  that  hj  this  means  we  may  use  our  instrument  down  to  19 
inches  with  very  good  results. 

Let  us  now  cuiisider  Liic  uj)  readings  of  these  instruments,  and  let  us 
suppose  that  each  instrument  is  right  to  Ijei^in  with,  that  is  to  say,  while 
remaining  an  hour  and  a  half  at  its  lowest  reading. 

These  corrections  and  up  readings  are  exhibited  m  the  following 
Table:— 

TjkBUt  III. 


No.  of 

ajic- 
raid« 


Oorxeotion  ibr  the  up  readings  of  tha  lincroidH  of  Table  I.  tappoMd  nght 

with  Btoudud  aft  lowest  reading. 


19. 


8. 

9. 

8. 

9« 
10. 

1 1. 

12. 

'3. 
14. 

15. 
16. 

17. 


•00 
•00 

•00 
00 
•00 

■00 
'00 
•00 


•fo3 
+  •05 

-♦-■oz 

■00 

-•04 

+  •05 


21. 


+  •03 
+  •06 
+  •01 
+  •03 
4- '03 
—  •02 

— 'OZ 

+•05 


as. 


+  •05 
+  •06 
•00 

—  01 

+■04 
•00 

—  •02 
+  •06 


»3. 

'  +  •05 
+•04 

I  +  -02 

■f  03 
I --03 

—  •II 

+'05 

•00 
•00 
•00 
•00 


44- 


%S»  *7* 


I 


+  '02 
-I- -06 
— 'OI 
•f'02 
+  •07 
-•05 
j--I2 

'+•09 

|— -OI 

+■02 
-f'OI 


-I- -01 

+  06 

-03 

+  '02 

+  •05 
-08 

—  •12 

+  ■05 

+  •12 

-■06 

+  •03 

— 'oa 


-•03:--04 
+•05  I+-05 

—  •06  :  — '1  I  I 

,4- '04,  -oo 

'  +  '02  i  'OO 

I  — '11  !  — '14 

-f  05  +-05 

-•06  —  08 
•00  —'03  ' 


-08, 
+*oi 

-•»s; 
—•03 1 

-•05 1 

-•»3 

-•20, 
-•01 
+  ■07! 

~'°9  I 

-•04' 

-•19 


—  ji 
— 'oa 
-16 
-06 
-•08 
-•16 
-•24 

—  •II 
+  •03 
-•06 
-•07 
-*»8 


30. 

-•18 

—•02 
-•19 
^•06 
—  •11 
-•14 
-26 

-14 
+•02 

-08 

-06 

-■33 


Hence  we  find  the  aaeaa  up  eorrectbn  for  latge  aaeroide : — 


1 19  in. 

20  in. 

21  in. 

22  in. 

23  in. 

25  in. 

26  in. 

27  in. 

f 

28  in. 

1 

29  iu. 

30  in. 

>Sup]^OMd  right  a« 

+•©3 

+•03 

+•03 

+•03 

+•02 

+  01 

•00 

-•03 

-06 

-08 

—  •II 

Suppoflod  right  atj 

•  • 

•  • 

*  • 

•00 

+•04 

+•03 

+•03 

-J-*OI 

—•01 

—  •02 

-•03 
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In  like  niiinncr  for  siuiUl  aneroids  \vc  have  the  foliowing  result:  — 


19  in. 

20  in. 

21  in. 

21  in. 

23  in. 

24  in. 

—  •01 
+  •01 

25  in. 

z6  in. 

!  27  in. 

1 

22  io. 

2910. 

1  . 

Bight  at  19  in,  . . 
Bight  at  ft)  in. 

•  • 

•00 

•  • 

-|-*0I 

•f*  02 

—  •01 
•00 

— 'oa 
•00 

-04 
—  •02 

-•07 
-•07 

1 

—•10 

"•"1 

—15 
—•12 

—If 

As  before,  there  are  two  itistauces  in  which  the  same  iustrument  was 
twice  tried ;  aMunuu^  the  mcau  of  the  two  trials  to  represent  the  truthj  we 
find — 


1910. 

20  in. 

1  . 
21  in. 

22  in. 

23  in. 

24  in. 

25  in. 

26  in. 

1 

27  in. 

28  in. 

2910. 

30  in. 

Na  8. 
Mmui  ooraeotkm.. 

*oo 

4- "02 

+  •02 

+  •03 

•00 

—  •01 

-04 

-•07 

—'I  I 

—•12 

Mean  minui  first 
deiermination  . . 

*00 

—  •01 

-•01 

1 

-03 1 

—  •02 

—  •02 

—  •02 

—•01 

-\>3 

-OJ 

—•01 

•00 

i 

In  like  manner^ 

19  in. 

20  in. 

21  in. 

22  in. 

23  in. 

1  . 
24  in 

2$  in. 

1 

26  in. 

27  in. 

28  in. 

29  in. 

30  in. 

No.  9. 
Hflan  correction . . 

•00 

+•04 

+  •04 

+  03 

+•03 

+•04 

+  •04 

+•04 

+•02 

—  ♦01 

—04. 

-•€4 

Mean  minus  first 
determination  . . 

1 

•00 

I 

—  •01  j 

—  •02 

-•03 

-0. 

—  •02 

—  •02 

-0. 

-03 

— 'oa 

— .'oa 

—■02 

We  iTiay  learn  from  these  results  that  if  anerouls  which  hare  been  sub- 
jected fur  at  least  one  hour  and  a  half  to  the  lowCfi.t  jirer^sures  wlucii  they 
register,  have  the  pressure  increast d  by  means  oi  the  ^rad  ial  iatroductioa 
of  air  into  the  receiver,  ai'ter  the  manner  alrendv  described. 

(1)  That  a  w ell-const ruoted  large  aneroid  will  not  go  far  wrong  for 
about  8  mches  above  the  lowest  pressure. 

(2)  That  iu  this  respect  small  aneroids  are  somewhat  less  trust- 
worthy than  large  ones. 

(3)  Til  at  if  the  instrument  read  be  previously  tested  aud  it»  c  or- 
rections ascertaiucJ,  we  may  consider  it  trustwoi  tliy  (making  use  of 
these  corrections)  for  up  readings  throughout  a  grcuLer  range  thau  if 
it  had  not  been  so  tested. 

I  come  now  to  connder  whether  a  rapid  change  of  pressure  affects  an 
aneroid  after  the  experiment  has  been  completed. 

The  following  Table  will  exibit  the  reaults  obtained  in  this  direction. 
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T4BI.E  IV. 


letBi. 

8. 

litBx. 

9- 

2t}dBz. 

8. 

9- 

10. 

II. 

11. 

14. 

16. 

OoiTBOIlou  lisfen 

exj)onnient  .... 

—•10 

—  •12 

-13 

-•09 

—  •12 

—  •11 

-13 

-•47 

-•04 

-•05 

ImmeduUely  ailer 

experimenl  .... 
1 8  hours  after  oz> 

•00 

+  03 

+•06 

+  07 

+  •06 

-03 

•00 

-19 

+  •06 

+  04 

-•07 

-•03 

+•04 

4- "02 

•  • 

—  •10 

—  •07 

-•34 

4- 'Of 

+  •01 

48  hours  after  ex- 

-•08 

-•04 

« « 

•  • 

—  •03 

•  • 

•  • 

-•37 

•  • 

•  • 

)  days  after  ex- 

-•08 

—05 

•  • 

■  « 

•  • 

•  * 

•  • 

«  > 

—•01 

—•01 

3  weeks  after  cat- 

—13 

—•10 

•  • 

— 'IJ 

•  • 

•  • 

•  • 

-•07 

—•06 

It  thus  appears  that  if  an  instrament  reads  correctly  before  it  is  put  into 
the  reoeiTer  it  will  read  too  low  immediatelj  aftenrurdfft  and  that  it  may 
be  some  considerable  time  before  it  recovers  its  previous  reading.  The 
instrument  cannot,  therefore,  be  safely  trusted  for  absolute  determinations 
if  it  has  been  recently  exposed  to  rapid  changes  of  pressure. 

The  experiments  hitherto  recorded,  in  which  an  inch  of  pressure  hns  been 
tak^  awftv  or  nddcd  nvcry  ten  miiintcs,  are  perhaps  analogous  to  ascents 
in  a  bnlloon,  or  descents  from  ft  mountain  ;  thcv  are  not,  hnwpver,  pre- 
cisely aiiftlogous  to  mountain  ascents,  ^Ince  a  longer  time  tlian  10  minutes  • 
is  u<?iially  taken  to  y>ruduce  a  change  of  pressure  equal  to  1  inch. 

At  the  suggestion  of  Mr.  Charles  Brooke,  a  couple  of  aneroids  were 
tested  in  April  1868,  with  the  view  of  reodering  the  experiment  more 
analogous  to  a  mountain  ascent. 

The  pressure  was  reduced  by  half  an  inch  at  a  time  and  at  intervals  of 
30  nniiutes,  the  aneroids  being  well  tapped. 

The  foUavving  corrections  were  obtained  for  down  readings  (instruments 
supposed  right  at  30  inches). 

Tahle  V. 


X 


At 

jN'o.  8. 

No.  9. 

At 

No.  8. 

No.  9. 

incheH. 

inches. 

30 

•00 

*oo 

*35 

+•08 

—•02 

29-5 

*oo 

-03 

*3 

+•11 

-•03 

«9 

•00 

-•04 

225 

+  12 

—  •01 

18-5 

•00 

-•03 

22 

+  •14 

•00 

aS 

*oo 

-•03 

*i*5 

+•16 

+•02 

*7-5 

•eo 

— 'oa  1 

21 

+  •'7 

+•04 

»7 

•  ■  •  • 

«  ■  •  « 

20'5 

+•20 

+•06 

26-5 

•00 

-•oa  1 

ao 

+•22 

+•07 

26 

+  -Oi 

—  •02 

195 

+  '2S 

+•09 

»SS 

+  •04 

—  •01 

'9 

+  »7 

+•11 

»5 

+  •05 

-04 

+  •06 

— •©» 

»♦ 

+•0$ 

—•01 
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These  rcisults,  wheu  compared  with  the  previous  determinations  for 
tbeae  same  instrume&ti,  would  seem  to  show  that  a  somewliai  better  result 
if  obtained  wben  tbe  exbanstion  is  carried  6ii  more  slowly,  uid  henee  thai 
tbe  corrections  depend^  to  a  eonndenble  extent,  on  tbe  natnre  of  tbe  treat- 
ment received.  No«  8  leems  to  be  more  oonstnit  mider  diibint  treatment 
tban  No.  9. 

From  all  tbese  experimenta  we  majr  peibqii  oondnde  aa  foUowi 

(1)  A  good  aneroid  of  large  rate  may  be  corrected  for  temperatare  bj 

an  optician,  so  that  tbe  rendoal  cotrectioa  aball  be  veiy  amall. 
(2  a)  If  an  aneroid  correct,  to  commence  witb,  be  naedfbr  a  balloon  or 

mountain  ascent,  it  will  be  tolerably  correct  for  a  decreaae  of  abont  6  inchea 

of  pressure. 

(2/3)  A  large  aneroid  is  more  likely  to  be  correct  ibaii  a  imaU  one. 

i^y)  The  range  of  oorreetneas  of  an  instrument  naed  far  momtatn 
aaoents  may  be  increased  by  a  previous  Terification,  a  table  of  eonedioiia 
being  thus  obtained. 

(3  a)  If  an  aneroid  have  remained  some  time  at  the  top  of  a  momitaui, 
and  be  supposed  correct  to  start  with,  then  it  will  give  good  retulta  Ibr 
about  8  inchea  of  increase  of  pressure. 

(3  p)  A  large  aneroid  is  more  likely  to  be  correct  than  a  small  one. 

(3  y)  If  the  aneroid  has  been  previously  verifiedi  it  is  likely  to  give  a 
better  result. 

•  (4)  After  being  subjected  to  sudden  changes  of  jnmm  the  zero  of  an 
aneroid  gradually  changes,  so  that  under  such  circumstances  it  ought  only 
to  be  used  as  a  differential  and  not  as  an  absolute  instrument,  that  is  to 

pay,  used  to  determine  the  distance  ascended,  malting  it  correct  to  b^in 
with,  or  to  a'^pertain  the  distance  descended,  making  it  correct  to  he^n 
with,  it  being  understood  tlint  th?  instrument  ought  to  be  quiescent  for 
some  time  before  the  c]uinp;e  of  ]>rcs.sure  ig  mndc. 

Before  concludiuiz;  I  ought  to  mention  that  most  of  the  cvcperiments 
herein  described  were  undertaken  aud  executed  in  a  very  careful  manner  by 
Mr.  T.  W.  Baker. 


XVT.  "Contributions  to  Terrestrial  Magnetism,  No.  XT."  By 
General  Sabihe,  KA.^  P.E.S.,  &c.   Received  June  18, 1868. 

(Abstract.) 

This  number  of  the  Contributions  oi  Ttirehtrial  MugacUsiii  contains  the 
completion  of  the  Magnetical  Survey  of  the  South  Polar  Regions,  under- 
taken by  fler  Majesty's  Government  in  1840-1815  nt  the  joint  instance 
of  tbe  Royal  Society  and  the  British  Association  for  the  Advancement  of 
Science.  The  observations  themselves,  and  their  provisional  discussion, 
have  already  been  given  in  the  prevunis  numbers,  Y.,  VI.,  VIII.,  and  X. 
of  the  Contributions,  The  present  number  containi  a  genenl  review  of 
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the  whole  survey,  and  is  accompanied  by  three  maps,  Avlnch  have  been 
prepared,  with  the  permission  of  the  Hydroe:rnpher,  Captain  Richards, 
R.N.,  F.R.S.,  under  the  careful  superintendence  of  the  Assistant  Hydro- 
gjapher,  Captain  Frederick  John  Evan?,  11. N.,  F.R.S.,  cue  map  being 
allotted  to  each  of  the  three  magnttic  elements,  viz.  the  Declination,  In- 
clination, and  Intensity  of  the  Magnetic  Force.  In  these  maps  the  Isoge- 
nic, IsocliiKil,  ami  Ibodynamic  linos  have  been  drawn,  hy  the  author  of  the 
paper,  conformably  with  the  olj^crvatioiis  around  tlie  circumference  of  the 
globe  between  the  parallel  of  3U"  i^.  mid  the  South  Pole.  The  paper  also 
contains  Tables,  prepared  with  a  view  to  the  revision  of  the  calculations  of 
Gauss's  *  Allgemcine  Theorie  des  Erdmagnetismus.*  They  give  the  values  of 
each  of  the  three  magnetic  elements  at  the  intersections  of  every  fifth  de- 
gree of  latitude  between  40°  of  south  latitude  and  the  South  Pole,  and 
every  tenth  degree  of  lougiLuJe  between  0  and  360°. 

On  the  Spectrum  of  Comet  IL,  1868/'   By  Wiujak  HirooiMa^ 
F.R.S.   BeceiTed  Jnlj  2>  1868. 

(Abstract.) 

The  aufhor  descrihes  the  appearance  of  the  comet  in  the  telesoope  on 
Jnne  22  to  coniiflt  of  a  nearly  dreahr  coma,  which  became  rather  niddenly 
brighter  towixds  the  centie«  where  there  was  a  nearly  nmnd  ipot  of  light* 
A  tail  was  traced  for  nearly  a  degree. 

He  fennd  the  light  of  the  comet*  when  exaauned  with  a  spectroscope, 
fomished  with  two  prisms  of  60P,  to  he  resolTed  into  three  broad  bright 
bands. 

The  brightest  band  commences  at  abont  h,  and  extends  nearly  to  F. 
Another  band  begins  at  a  distance  beyond  rather  greater  than  half  the 
internal  between  h  and  F.  The  third  band  occurs  about  midway  between 
B  and  £.  In  the  two  more  refrangible  of  these  bands  the  light  was  brightest 

at  the  less  refrangible  end,  and  gradually  diminished  towards  the  other 
limit  of  the  bands.  The  least  refrangible  of  the  three  bands  did  not  exhi- 
bit a  similar  gradation  of  brightness. 

These  bands  conld  not  he  resolved  into  lines,  nor  was  any  light  seen 
beyond  the  bands  towards  the  violet  and  the  red. 

The  measures  of  these  bands  are  given,  and  a  diagram  of  their  appear- 
ance. 

The  author  found  thb  cometic  spectrum  to  agree  exactly  with  a  form  of 
the  spectrum  of  carbon  which  he  had  observed  and  measured  in  1864. 
When  an  induction  spark,  with  Leyden  jars  intercalated,  is  taken  in  a 
current  of  olefiant  gas,  the  highly  heated  vapour  of  carbon  exhibits  a  spec- 
trum which  is  somewliat  modified  from  that  wliich  may  be  regarded  as 
typical  of  carbon.  The  light  is  of  the  same  rcfrangihilitit  s,  but  the  sepa- 
rate Strong  lines  are  not  to  be  distinguished.   The  shading,  composed  of 
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numeroTis  fine  liues,  which  accompanies  the  liue^i  appeai'^i  bls  an  unresolved 
nebulous  light. 

On  Jane  23  the  spectrum  of  the  comet  was  compared  directly  in  the 
spectroscope  with  the  spectrum  of  the  induction  spark  taken  in  a  current 
of  oleiiant  gas. 

The  three  bands  of  the  comet  appeared  to  coincide  with  the  correspond- 
ing bands  of  the  tpectram  of  earhoa.  In  tddidon  to  an  appamit  identity 
of  poiitioo,  the  baiidi  in  the  two  i]>eetra  were  veiy  tinillar  in  Cheir  general 
diancterf  and  in  their  relatiTe  brightaeM. 

Theie  obaemtions  were  eonfirmed  on  June  25. 

The  ranarloibly  eloae  reaemblanoe  of  the  ipeetmni  of  the  eonet  wiUi 
that  of  Che  apectmm  of  earboUt  necenanly  suggests  the  identity  of  the  snb- 
•tanoes  bj  which  in  both  eases  the  Uc^t  was  emitted. 

The  great  fixity  of  carbon  seems,  indeed,  to  raise  some  dtffieolty  in  the 
way  of  aeoeptmg  the  apparently  obvious  inference  from  these  prismatie 
obserralions.  Some  comets  have  approached  snfficientiy  near  the  son  to 
acquire  a  temperature  high  enough  to  convert  even  caibon  into  vapour. 

In  the  ease  of  other  comets,  the  author  suggests  that  the  difficulty  is  one 
of  degree  only,  for  the  conditions  are  not  known  under  whidi  even  a  gas 
permanent  at  die  temperature  of  the  earth  oonid  maintain  sufficient  Imt 
to  emit  light. 

The  author  states  that  some  phosphorescent  substances  gire  spectra 
which  are  disoontinuous,  but  he  gives  reasons  whidi  would  scarcely  permit 
us  to  consider  eometary  light  to  be  of  a  phosphorescent  character. 

The  spectrum  allows  that  the  colour  of  this  comet  was  blniah  green. 
Conaiderable  difference  of  colour  has  been  remarked  in  the  parts  of  some 
comets.  Sir  William  Herschel  described  the  head  of  the  comet  of  1811 
to  be  of  a  greenish  or  bluish-green  colour,  while  the  central  point  appeared 
of  a  ruddy  tint.  The  same  colours  have  been  observed  in  other  comets. 
If  carbon  be  the  substance  of  some  comets,  this  substance,  if  incandescent 
in  the  solid  state,  or  reflecting,  when  in  a  condition  of  minute  division,  the 
light  of  the  sun,  would  afford  a  light  which,  in  comparison  with  that  emitted 
by  the  luminous  vapour  of  carbon,  would  appear  yellowish  or  approachinig 
to  red. 

The  author  refers  to  the  hraiins;  of  these  results  on  certain  comrtnry 
phenomena,  nwd  on  the  a])par(  nt  identity  of  the  orbits  of  the  periodical 
meteors  with  those  of  some  comets. 


Digitized  by  Google 


[  To  face  j^age  483. 


18(i&]      Mr.  J.  Wood  on  VeriatumM  m  Human  Myohgy.  483 


XVI 1.  "Variations  in  Human  Myologry  observed  during  the  Winter 
Session  of  1867-68  at  King^s  College,  London."  By  John 
Wood,  F.R.C.S.,  Examiner  in  Anatomy  to  the  University  of 
London.  Communicated  by  Dr.  Sbaafisy,  Received  June  10^ 
1868. 

On  giving  the  resiilto  of  our  obBervatioiis  in  this  bnneh  of  acimtille 
ioquiry,  my  thanks  are  again  doe  to  the  seal  and  increased  experienee  of 
my  assiilants  in  the  dissecting-rooms,  and  especially  to  Mr.  J.  B.  Perria, 
by  whose  constant  Uhour  and  TigOaaee  my  work  has  been  most  materially 
aided.  Of  the  36  subjects  dissected,  not  one  has  been  found  totslly 
wanting  in  departures  from  the  standard  descriptions  of  the  muscular 
eyston  given  in  anatomical  text-books.  Some  of  the  more  common  Tafia- 
tion8»  which  are  usually  mentioned  by  our  best  authors,  have  been  ioduded 
this  year  with  a  view  of  determining  their  relative  frequency.  Others 
have  been  comprised  which  seem  to  show  the  first  evidences  of  a  tendency 
to  the  more  complete  and  striking  abnormal  forms. 

These  I  have  deemed  of  much  importance  in  throwing  light  upon 
the  origin  of  the  more  complete  variations.  Many  of  them  have  been 
found  so  often  as  materially  to  add  to  the  total  number  of  abnormali- 
ties in  the  Tables  and  also  to  the  labour  of  searching  out  and  classifying 
thnn* 

With  few  exceptions*  the  /taef  t^variaiion  have  been  found  in  the 
same  grooves  as  in  former  sessions^  as  will  be  seen  by  comparing  the  Tables. 
Our  observations  have  still  been  confined  to  the  musdes  of  the  head  and 
oedc,  arms  and  legs,  not  noting  those  of  the  face,  back,  or  abdomen, 
except  in  the  case  of  unusual  eccentricity  of  formation.  All  the  more 
important  fonnations  have  been  sketched  by  myself  from  the  subject ;  and 
the  greater  part  of  those  which  have  been  simply  noted  have  also  been 
previously  examined  by  me.  The  proportion  of  the  two  sexes  happens 
this  year  to  have  been  exactly  equal,  giving  us  a  fair  opportunity  of  com- 
paring the  proportionate  frequem^  of  muscular  abnormalities  in  each. 
For  the  sake  of  greater  convenience  of  reference,  they  have  been  placed 
separately  in  the  Table. 

In  the  36  subjects,  18  malet  and  IHfemaleSf  we  have  the  large  number 
of  558  muscular  variations,  of  which  20  were  found  in  the  head  and  nee^ 
proper,  390  in  the  arim  (including  those  lying  in  the  neck  which  act  upon 
the  upper  extremity),  and  1  18  in  the  leffs.  But  although  the  absolute 
number  of  specimens  found  is  so  much  greater  than  in  former  years,  the 
lines  of  variation  are  jiot  pi oportionably  increased,  amounLiug  to  72  as 
(X>mpared  with  61  of  last  year.  Of  these  1.'^  were  tunnd  in  the  hea//-  and 
ii^Ar-niuscles  proper,  37  in  the  arm,  and  22  iu  the  ieg — the  greatest 
increase  being  in  the  cr;//. 

In  the  first  section  of  the  accompanying  Table  will  be  tound  20  speci- 
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mens  afieeting  13  mascleB  proper  to  the  head  and  meek,  and  40  others 
afibetmg  6  mnsclei  wbkh,  acting  npon  the  clavicle  or  scapula,  are  num- 
bered with  the  mueelee  of  the  upper  extremity,  the  cleido-occipital, 
■temo-deido-mastoid,  omohyoid,  trmpeaua,  levator  anguU  acapuUe,  and 
levator  daTicole. 

1.  Cleido-oeeipiial  {Cephalo-humeral  of  the  lower  animals).— Of  tl.is 
mnsde  8  specimens  have  been  found  in  the  male  subjects,  all  on  both 
aidea^nd  6  in  the  femaleSy  two  of  which  were  on  the  left  side  only.  On 
the  left  side  of  No.  3,  male,  and  on  both  sides  of  No.  7,  male,  the  curious 
and  interesting  arrangement  was  found  which  is  drawn  from  the  fcriner 
subject  in  fig.  I.    A  slip  of  parallel  muacular  fibres,  three-fourths  of  au 
inch  wide  (a),  arising  from  the  sternal 
end  of  the  elavidOi  close  outside  of 
■and  in  connrxion  with  the  sternal 
origin  of  the  sterno-mastoid,  crossed 
superficially  and  obliquely  the  cleido- 
mastoid  (6)  (which  was  split  into 
two  parts)  to  join  the  cleido-occipi- 
tal  (c)  about  its  middle.    The  more 
usual  clavicular  attachment  of  the 
latter  muscle  was  broad,  and  connected 
with  the  centre  of  the  clavicle  directly 
over  the  posterior  triangle,  reaching 
from  the  origin  of  the  cleido-mastoid 
as  far  out  as  the  clavicular  attachment 
of  the  trapezius  (r/).    This  arrange- 
ment gives  a  very  complex  appearance 
to  the  whole  group  of  muscles,  and 
strikingly  resemhles  the  formation  in 
the  Marmot,  Polecat,  Genette,  and 
striped  Ilysena,  and,  to  a  le.-s  extent, 
in  the  Coati.    In  these  animals  the  cc- 
]»halo-humeral  is  only  connected  with 
the  trapezius  close  up  to  the  occiput.     Towards  the  clavido  It  la  con- 
tinued forward,  superficial  to  the  cleido-mastoid,  and  joina  wholly  or  by 
a  sej)arate  slip  with  the  sterno-mastoid  (see  Cuvier  and  Laurillard's plates) , 
This  reseniblunce  to  the  cephalo-humeral  of  theae  animals  tends  atrongly  to 
confirm  the  view  of  the  homology  of  the  elMhoeeipUal  in  Mao,  given  by 
the  author  in  former  papers.   On  the  right  aide  of  the  attbject  No.  S, 
the  cleido-occipital  was  large,  but  presented  no  dip  of  oonneauon  with  the 
sterno-mastoid  ;  but  it  was  Ibund  on  both  aidea  of  No.  7*   A  tendency  to 
this  formation  was  seen  alao  in  aobject  No.  21  of  htft  year'a  Table. 

In  No.  13  tba^deido-oooipital  waa  double,  and  diatinet  from  both  the 
cleido-maatoid  and  trapenos  along  ita  whole  length.  This  homologoe  of 
the  eephalihAimerai  of  animals  waa  found  diatinet  and  very  well  marked 
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by  Murie  in  bis  dissection  of  a  Bush  woman  (Journal  of  Anatomy  and 
Physiology,  No.  2,  May  1867,  p.  198). 

2.  Stenio-cleido-mastoid. — In  4  male  and  3  female  subjects  out  of  the 
36,  the  clavicular  origin  of  this  muscle  was  double,  or  divided  into  two 
portions.    In  all  but  one  of  these  the  cleido-occipitai  was  also  present. 

3.  Omohtjoii! 2  ninlc  find  2  female  subjects  the  posterior  belly 
presented  an  additional  or  cluficular  origin.  Three  were  found  on  the 
left  side  only,  and  one  <m  the  right  only.  On  the  opposite  side  of  one 
male  (No,  15),  a  muscular  slip  arising  from  the  middle  of  the  chivicle 
(quasi-claTicular  origin  of  the  omohvoid)  passed  upwards  and  inwards  to 
join  the  sterno- thyroid  at  itb  insertion,  tlic  ouKiliyoid  itself  on  that  side 
being  normal,  with  the  exception  of  havin^j;  no  inedian  tendon.  In  No.  9 
the  omohyoid,  otherwise  normal,  passed  through  an  o|it  iinii;  Ijc  twccu  the 
normal  origin  of  the  stemo-thyrvid  and  an  abnoruial  slip  lo  that  muscle 
from  the  clavicle,  at  the  junction  of  its  middle  and  outer  thirds.  In  No.  13 
also,  the  median  tendon  of  tht  omohyoid  was  wanting,  a  continuity  of 
muscular  fibre  pasi^ing  tVnm  its  oiii^in  to  its  insertion.  This  is  always  the 
case  in  Monkcvs  ami  iht«  louir  mammalia.  In  a  male  snhjert  (No.  2)  the 
anterior  belly  vvttb  tiouhle,  Llie  superior  one  fusing  with  liie  hyoylossus  and 
middle  constrictor  muscles,  and  receiving,  moreover,  a  sUpfrom  the  middle 
of  the  sterno'thyroid  (see  fig.  2  A). 

Out  of  70  subjects  now  examined  by  the  author  with  a  view  to  the  abnor- 
malities of  the  omohijuid  muscle,  viz.  40  malestrnd  30  females,  the  u/t/rriar 
btlly  has  been  found  double  in  4  males,  m  two  on  both  sides,  and  in  two  on  the 
right  side  only.  In  one  male  it  was  triple  on  both  sides.  A  clavicular  origin 
of  the  posterior  belly  liaa  beta  lound  in  2  males  on  the  left  side  only  ;  and  in 
3  females,  of  which  1  was  on  both  sides,  1  on  the  right,  and  1  on  the  leftside 
ualy .  The  iiteiUim  tendon  has  been  found  absent  in  2  males,  in  1  on  the  right, 
and  in  the  other  on  the  U  t't  side  only.  Thus  in  12  out  of  70  subjects  some 
irreguhiritv  existed  in  tins  muscle — a  profjortiou  greater  than  that  found 
by  Protestor  Turner  in  373  subjects,  viz.  5  or  G  per  cent.  (Irregularities 
of  tiie  Uiaohyoid,  p.  2).  A  clavicular  origin  of  the  posterior  belly  was 
found  in  5  subjects  out  of  the  70,  or  about  7  per  cent.  Turner  found  it 
in  17  out  of  3/3  subjects,  i.  e,  rather  more  than  4  per  cent.  In  5  out  of 
70  subjects  (also  about  7  per  cent.)  the  anterior  belly  was  found  double  or 
triple.  Turner  does  not  mention  this  abnormality,  but  found  the  anterior 
belly  blended  with  the  stemo-hjoid  in  4  ont  of  the  373  cases. 

4.  DiffOBtrie, — In  3  labjectiy  2  male  (Nos.  13  &  16)  and  1  ftmaU 
(No.  34),  the  anterior  belly  of  this  mnide  wts  dtmtU,  in  the  males  on 
both  sides,  and  in  the  female  on  the  left  side  only*  In  No.  13  the  snper- 
DOmcisiy  head  decosisled  scfMs  the  median  line  with  its  oppodte  fellow. 
This  vaaiety  has  hsen  hefwe  reoofded  by  Fleischmsnn  (Anat.  Wahmehm. 
in  KdaBg.  Abhand.  Bd.  i.  8. 26  A  27,  Taf.  i.  fig.  i.  1810),  and  snbseqnently 
by  Gsntaer  (Oiwert.  Anat.  Mosc.  YarieUUis  listens.  1813),  Sommerring, 
Tbeile,  and  Henle. 
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In  102  subjecU  examined  by  the  author,  the  anterior  belly  of  this 
muscle  has  been  found  double  m  5  oot  of  68  wmdn^  of  whidi  in  2  the 
anpemnmerary  belly  decussated  with  its  fellow  seross  Uis  medisn  line. 
Oat  of  34 /emalet  it  was  found  donble  oooe  only  oo  Che  left  nde. 

In  the  Norway  Bat  (Jfiis  deenmmnu),  the  anteiior  beUics  of  the  di- 
gastric are  eompletely  blended  together,  arising  without  any  median  fisanre 
finm  an  arehed  tendinous  Btruetnre  connecting  the  two  median  tendons. 
They  are  also  united  in  the  Cfercopitheeui  wbrnuM,  sccording  to  Rodolphi 
(Heusinger^a  Zeit8chrift»  Bd.  iii.  8.  335),  and  blended  so  as  completely  to 
coTcr  the  mylo-hyoids  in  Cattitkrw  and  P«jnb  Mormon  (Curier  and  Lanril- 
lard'a  plates).   More  or  len  so  they  are  found  in  the  ruminants. 

In  the  male  subject  No.  2,  a  combtnstion  of  curious  Ysrietiea  led  to 
the  aketeh  of  the  adjoining  figure  (fig.  2),  taken  by  the  author  ftom  the 
dineoted  parts.    The  posterior 

bdly  of  the  digastric  (a)  appeared  Fig.  2  (Sal^  Ko.  2). 

at  firrt  aight  to  be  a  triple  muscle. 
The  two  anterior  muscular  dips 
(6  ft  eX  which  were  implanted  upon 
the  median  tendon,  one  behind  the 
hyoid  pulley  with  the  true  poste- 
rior bdly,  and  the  other  in  ftont  of 
it  and  nearer  to  the  anterior  belly 
(d),  were  (bund  on  doaer  eiami- 
nation  to  arise  from  the  styloid 
process,  the  hinder  one  (6)  from 
the  usual  site  of  origin  of  the  oiyUh 
hyoid  muscle,  and  the  front  one 
(c)  from  the  tip  of  the  process  with 
the  tiyUhglotmu,  Each  of  theae^ 
therefore,  represents  the  two  halves 
of  a  completely  split  or  divided  stylo- 
hyoid,  which,  instead  of  uniting  to 
be  inserted  into  the  side  of  the  hyoid  bone,  are  implanted  sepaiatdy  upon 
the  tendon  of  the  digastric.  Coexistent  with  this  were  two  other  ubiioiw 
mdities  which  may  most  conveniently  be  described  here.  One  was  a 
curious  well-developed  muscular  slip,  found  only  on  the  left  side,  arising 
as  a  muscle  one-sixth  of  an  inch  wide  (c),  from  the  lower  genial  tuberde 
of  the  mandible  outside  the  genio-hyoid  muscle  (ff).  Thence  passing 
upward  and  backward  over  the  genio-hyo-glossus  and  hyo-glossus  muscles, 
it  finally  united  its  fibres  with  those  of  the  atylo-gloasus  (/)  at  their 
insertion  into  ihe  outer  and  back  part  of  the  tongue.  This  muscle,  which 
the  author  has  never  before  met  with  nor  found  recorded,  is  totallv 
different  from  the  mylo-glossus  described  in  his  last  paper.  It  also  differs 
from  that  mentioned  under  this  name  by  Bohmer  (Obs.  Auat.  rar.  prcefat. 
viii.  note  5),  as  seen  by  Vesalius,  Riolanus,  and  Spigelius,  and  considered 
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by  Verheyneus,  Haller,  Douglass,  and  otliers  to  be  that  part  of  the 
superior  comhucior  which  is  attaclicd  Lu  the  side  of  the  tongue,  and 
which  was  at  first  called  by  Winslow  the  mylo-glossus''  (Coiup.  Myo- 
graph. Spec.  p.  93).  For  the  sake  of  distinctioa  the  author  has  given 
the  name  of  genio-glo99U9  to  this  remarkable  slip. 

On  the  same  side  of  the  subject  was  the  bifurca^n  of  the  anterior  belly 
of  the  omobjoid  before  mentioned  (A),  and  also  of  the  iierno'ihyroid  (t). 
A  conaidemUle  portba  of  the  posterior  fibres  of  each  of  these  muecles  was 
split  olF i  sad  the  two  slips,  uniting  together,  were  partly  inserted  into  the 
lip  of  the  greater  horn  of  the  hyoid  bone,  but  chiefly  blended  with  the 
fibres  of  the  hyo-glomu  {k)  and  middle  coiutrietor  (/)  musdes. 

5.  2V«yiieftifS. — ^In  2  males  the  fibres  of  this  muscle  reached  only  so  far 
down  the  bach  as  the  eighth  and  ninth  dorsal  spines  respectively.  (This 
deficiency  has  been  found  by  the  author  in  4  nudes  out  of  70  subjects,  Tis. 
40  males  and  30  females.)  In  one  (No.  1 1 )  the  oerrical  and  dorsal  portions 
were  completely  separate  and  disUnet  muscles,  one  connected  with  the 
occipital  bone  and  UgomeniuM  nu^uB,  and  the  other  with  the  dorsal  spinous 
processes, — the  two  joining  only  at  their  insertion  into  the  acromion  pro- 
cess. Something  like  this  is  the  normal  condition  in  the  Mole,  OmUho- 
rkyneku9f  and  jGSchidna,«nd  to  a  less  marked  extent  In  tha  Agouti,  according 
to  Meckel  (Anat.  Oomp.)  and  Mivart  and  Murie  (Proceedings  of  the  Zoolo- 
gical  Sodety,  June  26,  1866).  It  has  been  recorded  in  the  human 
subject  by  8oemmerring(Dv  Corp.  Hum.  Fabrics,  t.iii.  1796),  Fleischmano, 
Zagorsky,  andTheile.  Macalister  has  also  found  it  ("  Notes  on  Anomslies 
in  Human  Anatomy,'*  in  Froc.  Royal  Irish  Academy,  April  23rd,  1866, 
p.  21). 

In  the  female  (No.  31)  the  cenrical  border  of  the  trapesius  was  attached 
to  the  clavicle  as  far  inwards  as  the  origin  of  the  sterno-cleido>mastoid, 

and  so  covering  the  posterior  triangle  entirely.  A  foramen  or  tendinous 
arcb,  placed  about  the  middle  of  the  clavicle,  allowed  the  passage  of  the 
supraclavicular  nerves.  This  very  peculiar  formation  has  been  described 
by  Macwhinnie  (London  Med.  Gazette,  No.  948,  January  30th,  1846, 
p.  194),  and  more  recently  figured  by  Gruber,  of  St.  Petersburg  (Vier 
Abhaudlun-.  IS  17,  S.  16,  17).  by  Hallett  (Edin.  Med.  and  Surg.  Journal, 
1848,  No.  174),  and  by  Macalister.  The  author  beheves  it  to  be  a  blend- 
ing or  fusion  of  the  cleido-oecifiial  or  eephalo-humtrtU  with  the  cervical 
border  of  the  trapezi^y  of  the  same  kind  as  the  more  common  blendii^ 
of  the  same  mnscle  with  the  hinder  border  o(  iheatemo'cleido-masfoid. 

This  view  is  further  supported  by  the  arrangement  found  in  another 
female  (No.  35),  on  the  right  side  of  whom  the  trapeiios  detached  from 
the  upper  part  of  its  cervical  border  a  considerable  muscular  slip  to  be 
inserted  into  the  clavicle,  close  to  the  cleido-mastoid.  Through  a  ten- 
dinous arch  or  opening  left  between  this  sli[>  and  the  lower  part  of  the 
normal  clavicukr  fibres  of  the  trapezius  the  hinder  belly  of  the  omohyoid 
passed,  along  with  the  supraclavicular  nerves,  as  before  alluded  to  with 
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the  abnormalities  of  that  miucle.  On  this  side  of  the  subject  no  propv* 
«leifkH>ccipital  was  found ;  but  on  the  other  (leil)  dde,  this  muade  was 
large,  well  formed,  and  8epanite»  both  from  the  trapesiia  aod  atcmo-cleido- 
mistoid. 

6.  Leoatw  angnH  srapula* — The  irariations  of  this  mnsde  have  been 
this  year  recorded  with  a  view  to  throw  light  upon  the  occasional  occur* 
rence  In  the  hnman  robject  of  the  lewatwr  eknneuUt  described  by  the 
author  in  former  papers. 

In  2  males  (Nos.  2  &  6)  and  2  females  (Noe.  20  &  29)  this  muade  wia 
much  divided,  forming  a  distinctly  double  mnsde,  one  from  the  two  npper» 
and  the  other  from  the  third  and  fonrth  cervical  transverse  processes. 
Such  an  arrangement  is  figured  by  Cavier  and  Ldiurillard  in  their  plate  7 
of  the  Anatomy  of  a  Negro.  The  upper  one  is  thei^  marked  as  the  repie- 
sentativc  in  Man  of  the  *'  omo-irachUien  **  (levator  claviculte)  of  animals. 

A  more  perfect  homologue  of  this  muscle  in  the  human  subject,  how- 
ever, has  been  recorded  by  Macwhinnie  (op.  eit.  p.  194),  and  by  the 
author  in  liis  former  papers — arising  from  the  transverse  process  of  the 
atlas,  and,  in  some,  as  low  down  as  that  of  the  third  cervical  vertebra,  and 
inserted  into  the  middle  or  outer  third  of  the  clavicle. 

Such  a  muscle  has  been  noted  and  described  by  the  author  in  n  male 
subjects  out  of  1  71  of  both  sexes  in  whom  it  has  been  carefully  looked  for. 
Macalister  has  also  found  it  in  a  spare  female  {op.  ctt  ).  In  No.  h  ni  tin? 
subjects  noted  in  column  8  of  the  Table  of  the  present  year,  a  consiiiem- 
ble  and  long  muscular  slip,  arising  by  a  tendon  from  the  transverse  })roces8 
of  the  third  cervical  vertebra,  was  found  lying  ^u]^erticlal  to  the  fibres  of 
the  levator  anguli  scapulsc,  and  inserted  into  the  fascia  placed  i  in  mediately 
behind  tho  clavicle  and  covering  the  axillary  surface  of  the  fir-t  diL^itation 
of  the  si'rratiiM  maffnvjf  muscle.  A  muscle  similar  to  tins  wa-*  found  by 
Dr.  Muric  in  the  Bushwoman  {op.  cit.),  ami  wa-  rightly  l(iokp«l  upon  by 
him  as  an  imperfect  levator  cfavicuffp,  the  insertion  of  wiiieh  hnd  uuly  just 
failed  to  reach  the  clavicle.  Kelch  records  that  he  saw,  in  a  female  subject, 
a  trifiK  division  of  the  levator  anguli  scapulee,  the  middle  part  sending  off  a 
slip  lo  ilie  sca[)ulo-thoracic  fascia  (Beitrage  zur  pathologischen  Anatomic, 
1813,  XXV.  S.  33).  Ro5?enmuller  found  a  slip  from  the  first  cervical  trans- 
verse process,  inserted  into  the  first  digitation  of  the  serial  magnus  (De 
nonnullis  Muse.  &c.  Leipzig,  1814,  S.  5).  These  were,  no  doubt,  sped- 
mens  of  the  last-mentioned  variety .  In  tiie  male  subject  (No.  ())  the 
levator  anguli  scaj)uloe  was  dividrd  into  six  slips  along  its  whole  length, 
arising  from  the  tive  upper  cervical  iruusverse  processes,  and  all  inserted 
into  the  usual  place. 

On  the  kit  side  of  a  female  (No.  20),  the  subject  of  fig.  3,  a  less  exten- 
sive division  of  its  fibres  was  found,  combmed  with  a  double  hiseitioii,  and 
a  significant  fusion  of  the  lower  portion  with  the  MtrratM  mofinut  and  the 
rkomboideut  minor*  This  arrangement  supports  and  illnstrates  die  homology 
first  pointed  out  by  Meckel  (Archiv,  viii.  S.  58.^,  and  Mnskellehre,  Bd.  it.  8. 
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402)  between  iStut  let  ator  angnfi  scapuls  of  the  honuui  eulject  and  the  upper 
or  eerrieil  pert  of  the  aemtns  magnus  m  found  in  the  lower  animals — an 
•homology  which  was  disputed  by  no  less 
an  anthority  than  Covier.  The  musele 
arose  by  five  digitations  lirom  the  hinder 
tubercles  oiT  the  fire  upper  eerfical  trans- 
▼erM  processes^  and  by  a  sixth  from  the 
fibres  and  fiueia  of  the  transversns  eoUi 
muscle.  Those  fW>m  the  three  upper 
and  part  of  the  fourth  d%itati«ms  (e)  are 
inserted  into  the  usual  plaee  at  the  su- 
perior angle  of  the  scapula.  The  two 
and  a  half  lower  digitations  are  inserted 
as  a  separate  muscle  (jb)  into  the  Terte- 
bral  border  of  the  scapula  as  low  down 
as  the  spine,  and  are  intimately  con- 
nected  by  their  deeper  surface  with  the 
'fibres  of  insertion  of  the  serratua  mag* 
nus,  A  muscular  slip  from  its  lower 
border  ia  attached  at  its  origin  to  the 
transreiBalis  colli,  and  through  it  to  the 
upper  cervical  traosverse  processes;  at 
its  insertion  it  is  blended  with  that  of  the 
rhomboidetiM  mmor  {d).  The  lower  por* 
tion  of  the  muscle  may  be  considered  as 
representing  the  first  and  second  stages  of  that  difierentiation  and  transfer 
of  insertion  of  some  of  the  fibres  of  the  levator  anguli  to  the  spine  of  the 
scapula  which,  in  the  omo-trachclien  or  omo-atlanticua  of  animals,  attains  to 
the  acromion  process,  and  in  the  levator  clavicu/a-  of  the  C^indrumana  and 
Man  reaches,  on  the  same  line  of  departure,  to  the  clavicle.  Mncwhinnie 
records  a  slip  of  the  legator  anguli  inserted  into  the  spino  of  the  scapula 
(op.  cit.  p.  194),  a  little  further  advance  in  the  same  direction,  in  the 
human  subject. 

In  two  other  male  subjects  (Nos.  9  &  1 0),  also,  the  levator  anguli  scapulae 
was  connected  by  muscular  8lij).s  with  the  hinder  surface  and  upper  fibres 
of  the  serratus  niaicuus.  In  No.  10  it  also  received  a  slip  from  the  scalenus 
medius,  and  in  the  female  (No,  29)  from  the  scalenus  posticus  of  one 
side,  and  the  serratus  posticus  .superior  on  the  other.  In  No.  34  it  gave 
an  interdigitating  slip  to  the  sp/eniu.s  capitis  high  up  in  the  neck. 

/.  Rhomho-atloid. — In  3  niale  and  2  female  subjects  was  found  a 
distinct  muscle  arising  with  the  fibres  of  the  sphnius  colli  frotn  the  trans- 
verse process  of  tiic  atlas,  usually  about  half  an  inch  wide,  and  forming  a 
muscular  band  which  was  placed  superficial  to  the  serratus  ()osticus  supe- 
rior, and  behind  the  rhomboideus  minor,  and  inserted  either  into  the  iipjier 
fibres  of  the  tendon  of  origin  of  the  rhoud)oideus  major  or  into  the  vcrte- 


Fig.  3  (Subject  No.  20). 
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bnl  aponeofoai  of  the  9erraim  poUkmB  wperwr.  In  I  male  end  the  2 
females  it  was  preient  on  the  left  ride  onty.  One  of  them  ma  labjeei  20 
(giTen  in  fig.  3),  wheie  the  ahnonnal  muscle  {e)  is  seen  to  pass  under  the 
rhomboidens  minor  (d),  to  be  inserted  into  the  senratus  tendon  (/)  midcr 
the  rhomboideus  major  (^),  which  is  divided  in  order  to  show  it.  In 
sfdijeets  2, 3,  and  23  its  insertion  was  entirelj  into  the  serfitos  aponenrosis. 
In  Nos.  7  &  20  it  was  also  eonneeted  with  the  spine  of  the  seventh  eer- 
▼iesl  Yertebia.  It  has  been  deseribed  by  Mr.  Maealister  as  the  rkem&a- 
miloid  (op.  eit,  p.  3,  pi.  5.  fig.  1,  a)»  In  UaDer^s  *  Dispnlationam  An»- 
tomicarum  Selectiomm/  vol.  vi.  (1733)  p.  589,  this  mnsde  is  described  bj 
F.  Wslther  under  the  name  of  the  *'MMmlm9  w^uUtnt  tpUmi  aeeetmk- 
rtM/*  or  *'AdJuior  tpltuHr 

8.  8umdrit», — ^In  subject  3  the  Hermhtkyrmd  was  double— theabnormsi 
part  ariring  ftom  the  first  rib-eartilage  and  costo-chmenlar  ligament,  and 
joining  the  normal  origin  halfwaj  np  the  neck.  This  abnormal  slip  bore 
much  resemblanee  at  its  origin  to  the  eoUthfatckdu  described  bj  the 
author  in  his  former  papers,  diiTenng  only  in  its  upper  termination  in  the 
fibres  of  the  stcrno-thyroid,  instead  of  the  cervical  fascia.  The  origin  of 
the  Btemo-hyoid  was  placed  between  the  two  heads.  In  No.  4  was  a 
muscular  slip  arising  tendinous  with  the  anterior  scalenus,  and  inserted 
fleshy  with  the  medius.  In  the  male  (No.  7)  and  the  female  (No.  33)  well- 
marked  specimens  of  the  nimeulu9  glandul<B  thyroide<8"  of  Soemmerring 
were  found.  The  microscope  proved  satisfactorily  that  the  structure  of 
the  formation  was  really  muscular,  and  not  median  processes  of  the  thyroid 
gland,  as  sometimes  is  the  case.  The  slips  appenrcd  to  be  offsets  from  the 
inner  fibres  of  the  thyro-hyoid  muscle,  which  had  become  attached  to  the 
gland-capsule.  In  the  female  (No.  26)  the  tJ^fro-hyoid  was  dirided  into 
two  distinct  muscles,  the  inner  one  being  the  smaller,  showing  a  tendeney 
to  the  formation  of  the  levator  thyroideae.  In  No.  9  the  right  stemo* 
thyroid  was  joined  by  a  clavicular  slip,  round  which  the  tendon  of  the  omo- 
hyoid, as  before  described,  played  as  through  a  pulley ;  on  the  other  side  the 
same  muscle  recdved  a  slip  from  the  stemo-hyoid.  The  two  sterno-tbyroids 
also  decussated  across  the  median  line  by  a  consiflerahle  portion  of  their  inner 
fibres.  This  arrangement  is  found  in  the  Squirrel  and  same  other  Rodent?. 
In  No.  8  was  a  cephalo-pharyjigeus  ninscle  having  the  somewhat  unusual 
origin  from  the  spine  of  the  sphenoid  and  spheno-maxillary  ligament.  At 
its  insertion  it  blended  with  the  lower  fibres  of  the  middle  constrictor. 

Ill  the  male  (No.  1 1)  and  the  female  (No.  19)  were  found  Lxainplr?  the 
slernalis  brutortnn  muscle.  In  both  it  was  present  on  tlu^  right  &uie  only, 
and  well  developed.  In  the  male  it  arose  tuudiuous  tVuni  the  tendon  of 
the  sterno-mastoid,  from  the  manubrium  sterni  \  \  inch  hi  low  its  upper 
border,  and  from  the  fascia  covering  the  pectoralis  major  muscle  2  inches 
below  the  clavicle.  Its  whole  length  was  3^  inches,  and  it  ended  below 
in  a  tieshy  radiating  way  upon  the  fascia  covering  the  sheath  of  the  rectus 
aud  external  oblique.    In  the  female  it  arose  tendinous  from  the  manu- 
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brinm  sterni  opposite  the  second  rib,  end  had  no  ootmeiion  with  the  stemo- 
mastoid.  It  formed  a  slender  muBcabur  ticUj,  A\  inches  long  hy  i  of  an 
inch  wide,  and  ended  upon  the  sheath  of  the  reetna  oppoaite  the  sixth  rib- 
cartilage. 

Til  is  muscle  has  been  foand  by  the  antlm  in  7  out  of  ]75  snbjeets^ 
in  which  it  lias  been  carefully  looked  for.  This  is  4  per  cent.  Five 
of  the  instances  were  in  males,  and  2  in  females*  In  the  males  it  was 
found,  in  1  on  both  sides,  in  3  on  the  riglit  side,  and  in  1  on  the  lefl  side 
only.    In  the  females  it  was  found  in  both  instances  on  the  right  side  only« 

Professor  Turner  fixes  the  freqiieney  of  its  occurrence,  from  obserfations 
upon  650  snbjects*  at  about  3  })er  cent.  He  fuuiid  it  9  tiroes  on  both 
sides»  5  times  on  the  right,  and  twice  on  tlu  left  side  only  ;  while  in  5 
more  it  was  simple,  and  crossed  the  uiCLliun  line  (Joum.  of  Anat.  and  Phys. 
No.  2.  May  1867.  pp.  247.  248).  Professor  W.  Gruber  found  it  in  5  out 
of  95  subject in  3  on  both  sides,  once  on  the  rights  and  once  on  the  left 
aide  only  (.Mem.  de  TAcad.  Imp.  de  St*  P^tersbourg,  L.  iii.  1860). 

Thirty-two  columns  of  the  Table  are  occupied  by  the  remaining  muscles 
of  the  Arm.  This  is  six  more  than  those  of  last  year  ;  the  additional  linet 
of  variation  being  rnadc  up  by  the  sterno-scapular,  anconeus  epitro- 
chleHn's,  pxtci>-or  carpi  intermedins,  ext.  pollicis  et  indicis,  and  ext.  niedii 
digiti  (which  have  been  found  so  frequently  m  to  require  sei)uratl()ii  from 
the  muscles  with  which  they  are  most  closely  conuected),  and  tiie  pronator 
radii  teres. 

9.  Pevtoralis  major. — In  the  male  (No.  2)  nnd  the  female  (No.  2.5)  a 
detached  outlying  slip  was  found  on  both  sidf  b  iit  tin-  lower  border  of  tins 
muscle,  ari'^in^  from  the  epiyastric  aponcurusm  covering;  tlic  rectus 
muscle,  and  ui:serted,  separately  from  the  rest  ot  tlic  {K  Ctoraiis  muscular 
fibres,  uj»oii  the  deep  surface  ot  the  upper  fibres  of  tiie  tendon  of  insertion. 
In  the  male  the  slip  was  small  on  one  side,  and  arose  ojiposiie  to  the  sixth 
rib-cartilage  ;  but  on  the  other  si  Je  large,  and  reaching  low  as  the  seventh 
rib.  The  author  looks  upon  the  above  abnormality  as  the  homologue  of 
the  *'jioriio.'i  ventrale  **  of  Cuvier  and  LauriUard'a  };iates,  constituting,  in 
most  Aiammalia,  a  large  and  separate  poiUuu  of  the  pectoral  group  ut 
njuscles.  It  is  also  iioniulogous  with  the  "  eosfo-humerar'  of  Professor 
iluxlc),  and  the  chondro-epitrochlcar  ol  Duviiuuy.  Meckel  describes  it 
as  remarkably  distinct  in  the  Bats,  drawing  the  wings  powerfully  down 
and  inwards  (Anat.  Comp.  vol.  vi.  p.  20b).  Zenker  describes  it  as  the 
"  brachiO' abdominal  **  muscle  in  the  Batrachian  reptiles,  in  whom  it  is 
frequently  continuous  with  the  rectus  abdominis  (Batrachomyologia* 
Jenie,  1826,  p.  39). 

In  the  male  (No.  13)  was  developed,  on  the  left  side  only,  a  very  large 
and  well-marked  example  of  the  muscle  described  by  the  author  as  the 
chondnhcoracoid**  It  is  placed  in  the  Table  among  the  sundries.  It 
consisted  of  a  sepnrate  muscle  arising  by  two  digitations»  the  upper  Irom 
the  sixth  rib,  and  the  lower  from  the  epigastric  aponeurosis  covering  the 
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reetoi,  and  formed  a  mmde  2  inches  wide,  wlule  paasing  upwards  and 
ontwards  across  the  ascfllary  space,  below  and  quite  distioct  from  the 
peetorsls,  to  be  inserted  by  a  broad  tendinous  ezpsnsion  into  the  /udm 
covering  the  origin  of  the  eoraethbraehialU  muscle  as  high  up  aa  the  eoneoid 
process.  The  peetoralis  minor  muscle  was  slso  Tsry  laige  and  divided, 
and  altogether  the  arrangement  of  these  muscles  resembled  much  that 
found  in  the  FeUdm  and  ftodents.  The  ckomdnhcmeM  portion  forms, 
in  the  Norway  Rat  and  Babbit,  a  separate  element  distinct  from  the  other 
pectorahu  It  seems  to  be  sn  iqpwmrd  transition  of  the  insertion  of  the 
epigastric  sUp  abore  described,  with  which  it  coincides  closely  at  its  origin. 
In  animals  it  is  considered  by  some  writers  a  part  of  the  jwrnntciiAtt 
eomoms. 

In  4  male  subjects  the  clavicular  fibres  of  the  peetoralis  major  were 
fused  with  those  of  the  deltoid,  leaving  only  a  small  opening  below  for 
the  cephalic  vein.  This  arrangement  has  been  recorded  by  Otto  as  an 
absence  of  the  clavicular  fibres  of  the  deltuid,  and  by  Seiler  as  an  origin 
of  the  deltoid  from  the  whole  of  the  clavicle  (Observ.  Anat.  1808,  faac  L). 
It  indicates  that  kind  of  blending  of  the  clavicular  elevators  of  the  upper 
arm  which  reaches  its  highest  form  in  the  lower  portion  of  the  cephalo- 
humeral  muscle  of  the  Carnivora  and  Rodents. 

In  the  female  (No.  20)  the  clavicular  fibres  of  the  peetoralis  were  split 
into  two  distinct  muscles,  one  occupying  the  sternal,  and  the  other  the 
middle  third  of  the  bone.    They  were  united  at  their  insertion  only. 

1 0.  Peetoralis  minor. — In  no  less  than  8  subjects,  4  male  and  4  female^ 
in  7  on  both  sides,  and  in  1  (male) 

on  the  left  side  only,  a  portion  of  ^ig.  4  (SabjeotKa  10). 

the  tendon  of  this  muscle,  usually 
the  upper  part,  was  prolonged 
over  a  pulley-like  groove  upon  the 
coraeoid  process,  and  pierced  the 
cornco-acroniial  ligament  to  be  con- 
nected with  the  tendon  of  the  su- 
praspinatus  muscle,  and  implanted 
with  it  into  the  capsular  ligament 
of  the  shoulder-joint.  In  2  of  the 
males  (Nos.  10  &  12)  the  tendon 
was  also  connected  with  the  uppf»r 
fibres  of  the  ylenoid  ligament  at  its 
point  of  union  with  the  capsular. 
In  No.  10  the  peetoralis  minor  was 
arranged  in  the  complex  manner 
shown  in  fig.  1.  The  fibres  of 
the  upper  digitation  (a),  arising 
from  the  second  rib  and  intercostal 
fascia,  were  joined  to  a  roundish 
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teiKlon  which  pasxecl  over  the  coracoitl  proovc,  gave  off  a  slip  to  the 
coraco -acromial  ligament  {^e)  as  it  perforated  it,  and  was  inj]il;uit(  (l  partly 
into  the  ca))sular  ligament  (/),  and  partly  perforated  it  to  jom  the  tibres 
of  the  glenoid  ((f).  The  middle  fibres  (6),  arising  from  the  third  and 
fourth  ribs  and  fascia,  were  attached  by  a  shorter  tendon  to  the  nnier 
margin  of  the  coracoid,  and  connected  by  aponeurosis  to  the  origin  of  the 
coracoid  muscles.  The  lower  fibres  (e  &  e/),  arising  from  the  fifth  rib  and 
the  adjacent  intercostnl  and  epijrastric  aponeuroses  below  the  border  of  the 
pectoralis  iiiiij  ir  n  iiM  le  i  witli  which  they  were  partly  blended),  divided 
soon  into  two  parts,  of  which  the  upper  (c)  was  inserted  into  the  fascia  of 
the  coracoid  muscles  (cut  off  short  in  the  woodcut)  ;  while  tlie  hnvcr  (d) 
were  united  in  a  tendon  whicli  passed  over  these  muscles,  pierci  J  the 
capsular  ligament  .ihovo  the  subscapularis  (divided  in  the  cut),  and  Jiually 
joined  with  the  uppernio.st  tendon  to  be  inserted  into  the  np})er  part  of 
the  glenoid  ligament.  A  bursal  opening  existed  at  this  point  between  the 
joint  and  the  subscapular  bursa.  In  the  adjoining  figure  the  pectoralis 
major,  part  of  the  deltoid,  the  coracoid  muscles,  and  the  subscapularis  are 
partly  removed,  and  the  shoulder- joint  opened  to  show  the  glenoid  ligament. 

In  this  curious  instance  the  lower  part  of  the  muscular  arrangement  is 
evidently  a  **  rhondro-coracoid  "  muscle  joiiu  d  up  to  the  pectoralis  minor 
at  tvYO  separate  points,  viz.  at  its  origin  and  insertion.  At  its  oriu'iti  it 
coincides  with  the  usual  origin  of  this  muscle,  reaching  down  ne;ulv  as  far 
as  the  latissimus  dorsi ;  while  at  its  insertion  it  is  fused  with  tlu  ^U  iioid 
tendon  of  the  pectoralis  minor.  Its  course  over  the  origins  of  the  curacuid 
muscles  quite  coincides  with  a  frequent  insertion  of  the  chondro-coracoid.** 
It  resembles  considerably  the  intermediate  pectoral  of  the  lower  animals. 

This  remarkable  insertion  into  the  glenoid  ligament  goes  far  to  corrobo- 
rate the  views  expressed  by  Macalister  (Journal  of  Anat.  and  Phys.  No.  2. 
May  1867,  p.  317)  upon  the  bomology  of  his  coraeo-gletwid  ligament  with 
the  homerfll  tendon  of  the  pectoralis  minor. 

In  another  male  aabject  (No.  13)  the  upper  fibrea  of  the  leaaer  pectoral 
paaaed  over  the  coracoid  proceaa  to  be  inserted  into  the  wraea^aaimM 
Hgament,  In  a  female  (No.  32)  the  upper  fibree  of  the  mnsde  on  the 
right  side  were  inserted  by  a  ilat  aponeurotic  tendon,  half  an  inch  wide, 
inro  the  lower  border  of  the  dameU,  forming  almost  a  separate  HemO" 
elwneular  rooeele. 

II.  8t€mo-9eapmUsr, — ^In  5  males  (on  loth  sides)  and  in  5  females  (of 
which  2  were  on  both  sides^  2  on  the  right,  and  1  on  the  left  only)  it  was 
found  that  a  portion  of  the  lower  fibres  of  the  nbelmmu  muscle  were  im- 
planted upon  the  tubercle  of  the  eoroeaid  process,  and  were  usually  separated 
by  a  distinct  intervsl  from  the  rest  of  the  muscle,  constituting  a  decided 
formation  in  most  of  the  specimens  of  a  Hemo'scapufur  muscle,  first  dis- 
tinguished and  figured  by  the  author  in  his  paper  of  1865  (fig.  4),  and 
compared  with  the  mnsde  of  that  name  in  animals. 

In  the  subject  there  figured  a  muscle  was  found,  coexisting  with  the  sterno- 
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Boynlar  (marked  b  in  the  above-meiitioiied  figure), which  has  again  heen  met 
inth  in  the  male  subject  (No.  4)  of  this  year's  series.  On  the  left  shoulder 
WH  found  a  distinct  baud  of  muscular  fibres,  nearly  an  inch  in  width, 
arising  just  outside  of,  and  in  connexion  with,  the  omohyoid y  from  the  base 
of  the  coracoid  process,  and  inserted  into  the  clavicle  with  the  outermost 
fibres  of  the  subelavius  muscle.  It  has  been  named  by  the  author  the 
Scopulo-clavicular  muscle,  as  it  seems  clearly  to  be  the  homologue  of  the 
muscle  described  and  figured  by  Cuvier  and  Laurillard,  under  the  natne  of 
the  **  srnpuh-clai'ien,"  in  the  Rat-mole  of  the  Cape,  and  the  Dide' ph  us  tnar- 
supialig  or  Sarigue  (plates  216  &  11)5).  The  author  hn^  fnuud  the  muscle 
also  well  marked,  separate,  and  dij^tinct  in  the  Norway  Hat  (.Vi«  decv^ 
manus),  as  well  as  in  the  Guiiieapig,  and  in  a  less  distinct  fonn  in  the 
liai)bit.  The  muscle  is  uoted  iu  the  Table,  lu  column  40,  among  the  single 
specimens. 

12.  Latissimus  tiorsi.~\n  the  male  (No.  9)  was  n  detached  slip  from 
the  ninth  intercostal  fascia  of  llie  right  side,  \vliirh  )  liiu'  1  this  muscle  high 
up  near  its  insertion.  In  the  female  (No.  2t>)  waa  a  musculo-tendinous 
slip,  pa.ssins'  from  tlie  left  )Rti««imns  arrows  tlie  axillary  vessels,  and  inserted 
into  the  fascia  covering  the  hln-ps  muscb  .  It  setined  to  be  a  formatioa 
between  the  ordinary  "  Achaelboyeft  "  aiid  a  (forso-epitrochlear  muscle.  A 
similar  slip,  reaching  only  to  the  fascia  covering  the  coraco-brachiolis,  was 
present  on  both  sides  in  No.  32. 

Out  of  102  subjects,  viz.  68  mule^  and  34  femalei^  a  dorso-epi f rochlear 
slip  of  muscular  fibres  has  been  found  by  the  author  in  5  ;  3  of  winch  were 
males,  and  2  temales.  In  2  of  the  males  the  slip  was  lost  oa  or  jumed  the 
sca})ular  head  of  the  triceps  uiuscle.  In  the  third  male  it  was  lost  ou  the 
fascia  covering  the  coraco-brac/iiulis.  All  these  were  found  in  both  arms. 
Of  the  2  feiiiaks,  one  was  found  on  both  sides,  and  ended  on  the  fascia 
covering  the  coraco-brachialist  and  the  other  on  the  left  side  only,  and 
ended  in  the  fascia  covering  the  short  head  of  the  biceps.  In  6  of  the  102 
subjects  the  latissimus  gave  off  a  considerable  slip  to  the  insertion  of  the 
pectoralia  major  (Achselbogen) ;  3  were  ID  males,  2  on  both  lidei^  ftnd  I 
on  the  left  side  only ;  and  3  in  (emalesy  2  on  both  aides^  and  1  on  the  left 
only.  In  3  anbjecte  the  upper  ooetal  fibres  of  the  ktlssbnns  were  eon- 
nected  with  a  broad  mnacnlar  slip  arising  with  them,  whteh,  after  eroeabg 
the  axilla  upwards  and  outwaidi*  were  inserted  with  the  pedoralit  mmor 
into  the  coracoid  process,  or  into  the  fasda  of  the  coraooid  muscles  jnst 
below  it  (fikoitdro-eoracoid) .  Two  of  these  were  in  males*  one  on  the  right 
side  only  (a  similar  slip  on  the  left  side  joined  the  pectoralis  major),  and 
the  other  on  the  left  only.  The  third  was  fonnd  in  a  female  aabject  on 
the  left  side  only. 

13.  Coraco-AraeiUo/tf. — ^In  2  males  (Nos.  1  ft  10}  and  3  females 
(Nos.  21,  23,  &  2-1)  this  muscle  presented  an  entirely  doable  formation. 
The  upper  slip  was  inserted  into  the  usual  place ;  the  lower  passed  down 
further,  to  be  connected  with  the  internal  brachial  ligament  or  intermns- 
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cular  septum  as  far  down  as  the  ridge  of  the  internal  condyle.  The 
musculo-cutaueous  nerve  usually  ])as>t'(l  Ik  twcni  the  two.  The  lower  slip 
has  been  dt  scribed  by  the  auth<»r  as  a  separate  element,  the  coraco- 
hrachialis  lonf/u.^  (Journal  of  Anat.  ami  Vhys.  No.  1.  p.  I'O-  This  form  of 
ror;ao-bracliiahd  is  louiul  in  tlie  Ornithorhyuchu:*,  Echidna,  and  some 
iiodents.  In  the  female  (No.  30)  this  long  iimscle  existed  in  the  form  of 
a  distiiict  bundle  given  off  from  the  middle  of  the  coraco-brachialis,  and 
ending  in  a  long  tendon  which  was  implanted  fairly  upon  the  inner  condyle, 
and  which  seemed  to  originate  in  a  differentiation  of  the  internal  brachial 
ligament.  In  the  female  (No.  23)  was  found  a  good  bpecinicu  oi  the  muscle 
named  bv  the  antlior  in  the  same  paper  the  "  coraco-brachialis  drevis,"  or 
**  rotator  humeri.^'  It  urobc  separately  from  the  under  surface  of  the  cora- 
coid  process  near  its  base,  and  was  inserted  into  the  neek  of  the  liuuienis, 
just  below  the  lesser  tuberosity  and  above  the  latissimus  dorsi.  It  is  found 
usually  in  the  Quadrumana,  coexistent  with  the  longer  form,  and  iu  the 
Rodents  and  Carnivora  singly. 

In  the  male  (No.  9)  a  large  conu»-bnichialis  gave  off  a  considerable 
bundle  of  muscular  fibres,  which  jouied  bodily  those  of  the  hrachialis  an- 
iieus.  This  has  been  before  found  by  the  tntbor,  and  tlso  by  Macwhinnie 
{op,  eit.)  and  Hy  rtl  (Lelirbiiiili»  8. 863).  It  le  ngnificftut  as  the  homologoe 
ii  the  MewUmmirmionu  in  the  lower  extremity,  supplying  the  homologone 
origin  from  the  eomeoid  (isehimn)  ae  the  braehialis  supplies  the  homolo- 
gone  insertion. 

14.  Bieept  tmckn, — ^In  2  males  and  6  females*  ont  of  the  36  dissected 
this  session  and  g;i?en  in  the  Table^  this  musde  wss  profided  with  a  liUrcf 
or  humeral  head.  In  the  left  arm  of  No.  14  a  slip  of  mnseolar  fibres  was 
given  off  from  the  lower  third  of  the  eoraea-^racJkialUt  and  joined  the 
short  head  about  its  middle.  This  seems  to  be  merely  a  doubled  or  divided 
short  headt  of  which  the  lower  portion  separates  from  the  coiaco-brachialis, 
lower  down  than  usual,  as  we  frequently  find  in  the  Quadrumana.  In  both 
arms  of  No.  17  the  museolar  slip,  half  an  inch  wide,  was  given  off  from  the 
humerus  just  at  the  insertion  of  the  eoraoo-braehialis.  In  the  6  other  in- 
stances the  third  head  arose,  in  the  most  usual  place,  with  the  upper  fibres 
of  the  hraMtUa  anHmu,  and  jomed  the  tendon  at  the  same  point  as  the  two 
normal  heads.  In  1  (No.  24)  it  was  found  on  both  sides,  in  4  on  the  left 
side  only*  and  in  I  on  the  right  lide  only. 

Out  of  175  subjects  examined  by  the  author,  a  third  or  humeial  head  of 
the  hieepB  was  feond  in  14,  vis.  in  7  maU§  and  TfimaUi.  In  4  others, 
vtt.  3  males  and  1  female,  it  wss  found  ooexistent  with  tL/bmrth  head, 
also  arising  from  the  humerus.  In  3  of  these  the  fourth  head  arose  from 
one  of  the  tuberosities  or  the  borders  of  the  bicipital  groove  i  and  in  the 
fourth,  from  the  outside  of  the  humemsb  between  die  insertion  of  the  deltoid 
and  the  origb  of  the  supinator  longus.  This  gives  a  proportion  of  about  1 
In  9  out  of  Uie  175  subjectSi  agreebg  nearly  with  the  computation  of  TheOe, 
vis.  1  in  8  or  9,  and  not  with  that  of  Hallett,  vis.  1  in  15. 
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Fig.  5 
(Subject  No.  10). 


In  die  li^t  Ann  of  the  male  (No.  10)  (noted  in  eolnmn  15  In  tlie  Table} 
««t  fimnd  a  6recAib-ra^(Mai  a  detached  masde  (fig.  5«  a)  of  oonadcmUe 
tuB,  ariang  aepaiately  fiom  the  upper  part  of  the  outer  condyloid  ridge  of 
the  hnmerm  and  intermaeenlar  aeptnn,  just  bdow  the 
deltoid  (d)  and  abore  the  enplnator  hmgoc  (e)«  fluiing 
aa  a  flat  mnacnlar  band  downwards,  forwarde,  and  in- 
wardly otttiide  the  biceps  (6),  it  was  inserted  by  a  flat 
aponenrotic  tendoo  into  the  obliqtte  /uie  of  the  radius, 
dose  below  the  bicipital  tuberosity,  and  between  the  lu- 
aertiona  of  the  supinator  brevis  (e)  and  pronator  radii 
teres  (/).  Although  quite  detached  from  other  muscleiy 
and  inserted  into  the  radius  below  the  biceps,  the  homo- 
logical  relation  of  this  muscle,  in  the  situation  of  its 
origin  firom  the  humerus,  to  the  fourth  head  of  the  bi- 
ceps just  alluded  to  (recorded  in  the  author's  paper  of 
1864),  is  clearly  apparent ;  and  it  holds  the  same  rda- 
tion  to  that  external  humeral  head  of  the  biceps  as  the 
detached  brachio-fateiaUi,  described  in  the  author's 
papers  of  186 1,  1865,  and  1866,  does  to  the  internal 
humeral  head  of  the  same  muscle.  Meckel,  quoting 
fietsch  (Journal  de  Roux,  t.  xxxi.  p.  245),  mentions  an 
instance  in  which  three  humeral  slips,  one  from  the 
outside  of  the  humerus  (homologous  with  the  foregoing 
abnormality),  one  from  the  inner  side  (homologous  with 
the  more  common  third  head),  and  one  from  the  short 
or  coracoid  head  of  the  biceps,  joined  together  to  form 
one  muscle,  which  was  inserted  into  the  radius  by  a 
separate  tendon,  behind  the  normal  one,  upou  the  bici- 
pital tuberosity  (Muskellehre,  S.  504).  He  also  quotes 
Rudolphi  (in  Blumeubach's  Med.  Bibl.  Bd.  i.  S.  176) 
and  Sels  (Diss.  Anat.  ISlusc.  Variet.  sistens,  1815, 
p.  12)  for  an  instance  in  which  a  muscular  bundle  of  the 
size  of  a  finger  passed  from  the  outer  head  of  the 
biceps  to  be  inserted  separately  into  the  radius.  The 
more  perfectly  detached  form  of  this  abnormality  is  also  alluded  to  by 
Theile  (in  Soemmerring's  Encyclop.  Analomique,  Jourdan's  Trans.  1843, 
p.  217),  by  11.  Wagner  (in  Heusinger's  Zeitschrift,  Heft  iii.  Bd.  iii.  S.  345), 
and  by  Hyrtl  (Lehrbuch).  A  case  very  similar  to  the  present  has  been 
described  by  W.  Gruber  (in  Mailer's  Archiv,  1848,  S.  428)  as  a  variety  of 
the  brachialis  anticus,  in  the  right  arm  of  a  veiy  muscular  male,  in  whose 
left  arm  was  found  the  more  common  form  of  the  third  head  of  the  biceps. 
It  arose  from  the  humerus,  close  to  the  outer  condyloid  ridge,  as  a  thick 
muscle,  and  was  inserted  by  a  separate  tendon  into  the  radial  tuberosity 
just  below  the  biceps,  giviug  otf  a  slip  of  tendon  to  the  aponeurosis  of  the 
forearm. 


Digitized  by  Google 


1868.]      Mr.  J.  Wood  on  Variatunu  in  Huautn  Myology »  497 


15.  Brachialis  anticus. — In  both  ai  aiii  of  the  male  (No.  6)  some  of  the 
fibres  of  this  muscle  wei  i;  din  ctly  contiuuous  with  thoae  oi  the  supinator 
longus,  an  api  like  arran2;fMin  at  bclore  noticed  by  the  author  in  his  paper 
of  1866.  He  has  louiui  it  m  6  nmk^s  on  both  sides  out  of  102  subjects. 
It  is  recorded  also  by  Maealister  (op.  cit.  p.  19).  Slips  from  this  muscle 
to  the  outer  part  of  the  fascia  of  the  forearm  have  been  mentioned  b?  Soem- 
roerrini;,  Tlicilc,  Macwhinnic,  aud  Hyrtl.  In  theft  luah  (Xu.  22)  the  bra- 
chialis  auticus  was  divided  into  two  muscles,  an  outer  and  an  inner, 
both  inserted  into  the  coronoid  process.  This  has  been  o})scrvcil  I  v 
the  older  anatomists.  It  resembles  the  arraugement  iu  the  lUbbit  aud 
Agouti. 

1 6.  Anconeus  epitrochlearU, — In  his  paper  read  before  the  Royal  Society 
in  June  1866,  the  author  mentioned  and  tabulated  a  detached  muscular  slip 
in  the  right  elbow  of  a  male  subject,  arising  separately  from  the  back  part 
of  ilie  inner  eoodjie  of  the  liimierai»  wA  pBsiing  aerott  and  superficial  to  the 
ulnar nenrc^and  ^tinet  both  from  the  trioepa  and  BcKHrearpi  ulnaru  muscles, 
to  be  Insetted  into  tha  Inner  aide  of  the  oheranon  process  of  the  ulna. 
This  mnsde  be  again  described  and  fi|pued  In  bis  paper  of  last  year,  com- 
paring it  with  a  Bke  muscle  he  had  found  In  the  Babldt  During  the  last 
sessbn  this  muscle  has  been  found  in  4  male  subjects  out  of  the  36-^ln  Z 
In  both  armSk  and  In  I  In  the  left  arm  only.  The  author  has  also  fbund  the 
muscle  in  his  dissections  of  the  Orang,  Bonnet-Monkey*  Mole^  Hedgehog 
common  Weasel^  Cal^  Norway  Kat,  Squirrel,  and  Omithorhynchus.  In  the 
Mole  it  is  particularly  large  and  well  developed,  as  are  all  the  muscles  ol 
the  upper  arm.  It  is  also  well  marked  in  the  Norway  Rat  and  Rabbit.  In 
the  subjects  of  the  Table  of  the  present  year  it  has  been  very  carefully 
looked  for,  with  a  view  to  determine  the  frequen<7  of  its  occurrence^  and  to 
compare  the  results  with  those  stated  by  Professor  Oruber  of  St.  Peters- 
burg, in  a  paper  published  in  the  *  M^moires  de  TAcad.  des  Sdeiices  de 
St.  P^tersbourg^*  in  June  1866.  This  eminent  observer  states  that  he  has 
found  this  muscle  {tpiirotMeo-^mcooMud^  as  frequently  as  in  34  percent,  of 
subjects— 4n  26  out  of  79  males,  and  in  8  out  of  21  females.  In  14  it  was 
on  both  sides,  in  12  in  the  right,  and  in  3  in  the  left  arm  only.  Itseems, 
therefore,  to  be  more  commonly  found  in  the  Sdavonlc  than  in  the  Anglo- 
Saxon  races.  Professor  Gmber  figures  and  minutely  describes  this  muscle, 
both  in  the  human  subject  and  in  many  animals— in  frnms  iMsiet^rimw, 
Ctfitis  fatuellia,  CfaleopitAeeut,  MyeytUe,  Drngyuna  viwirrmm,  Arctb  Bear, 
Lion,  Gat,  Hare,  3-banded  Armadillo,  Seal,  and  many  others.  It  seems  to 
correspond  with  the  muscle  described  in  the  Hyraz  by  Mivart  and  Mnrie 
as  a  fourth  head  of  the  Meept,  and  in  the  Rabbit  by  Knuse  as  the  aHConeits 
ftforlMf*  It  is  figured,  but  not  distinguidied  from  Uie  other  anconeal 
muscles,  in  Guvier  and  Laurillard's  plates  of  the  Panther,  Genet,  Beaver, 
Marmot,  Rat-mole,  Great  Anteater,  Elephant,  and  many  other  animals 
of  vsrioQS  genera. 

17.  Pronator  radii  teres,^ln  2  males  and  2  females  this  muscle  was 
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douljle  l  or  '^plit  alons:  nearly  it?  whole  length  into  a.  condi/loid  ami  coronoid 
muscle,  the  latter  beui^  inserted  lii^her  than»  and  external  to,  the  former 
part.    In  No.  1  the  coronoii]  orit^in  was  a  rounded  tendon.     In  the  female 
(No.  .35)  the  two  parts  were  distinct  thrinighout,  and  connected  only  by  a 
small  slip  at  their  insertion.    lu  No.  31  the  condyloid  origin  of  the  pro- 
nator was  the  only  one  present.    The  occasional  occurrence  of  a  double 
pronator  has  been  noticed  fjy  Alliiinis,  Sauimerring,  Theile,  and  Meckel. 
Mr,  Macalister  has  lately  calk  J  at  tent  ion  to  this  formation  as  an  evidence 
of  a  second  or  accessory  eini)iyonic  germ,  represented  by  the  coronoid 
origin,  and  homologous  witli  the  tibial  head  of  the  soleus  (Journal  of 
Anat.  and  Phys.  Nov.  1867).    The  coronoid  origin     uot  luuud  iu  the  lower 
Mamniiilia,  and  is  present  only  in  the  higher  Quadrumana.    It  was  found 
by  the  author  large  and  well  marked  in  the  Oraiij^,  arising  by  a  strong, 
broad  tendon,  common  to  it,  the  liixor  carjii  radialis,  and  the  flexor  suh- 
limis  digitoruai,  and  giving  uiT  a  slip  to  the  siparate  flexor  indicis,  and 
with  the  median  nerve  passing  between  it  and  the  condyloid  origin.  In 
the  same  animal  there  was  no  tibial  origin  whatever  to  the  soleus.  The 
coronoid  head  of  the  pronator  was  not  found  by  the  author  in  the  Bonnet- 
Monkey.    Dr.  Humphry  found  it  in  the  Chimpaniee  disposed  as  iu  the 
human  snbject. 

18.  Fl^for  mbUmU  digitorum. — In  the  left  arm  of  a  male  (No.  4)  ivai 
an  imiuiial  fiidfonn  mmeular  alip  horn  the  ooronoid  origin  of  this  nnudc^ 
ending  io  a  long  tendon  whicli»  passing  under  the  annular  ligament  to  the 
palm,  gave  origin  to  the  oater  half  of  a  bipeoniform  Jint  iumMealu 
moade.  The  inner  head  of  the  lumbrieal  arose  from  its  usual  phee. 
This  abnormality  wss  deseribed  in  the  arm  of  a  negro  in  the  author*  s  paper 
of  1865,  the  long  tendon  arising  in  that  initanoe  from  the  deep  fibres  of 
the  sublimis*  along  with  a  eoronoid  "  aeeeaaoriiu  ad  fies»  kmg,  pofUm" 
and  was  joined  in  the  lower  part  of  the  forearm  by  a  mnseular  slip  from  the 
radius.  In  No.  7  the  tendon  to  the  middle  digit  was  double.  In  Nos.  1 1 
and  1 7*  msles,  and  in  20, 30, 32, 34,  and  36,  females  (7  in  sll),  the  origin  of 
the  fiexor  sublimis  from  the  ooronoid  process  was  twofidd,  ris. : — one,  fleshy, 
from  the  upper  part  of  the  inner  border  of  the  prooese,  and  continuous  with 
the  fibres  of  the  condyloid  and  ligamentous  origins  j  and  a  second,  flat, 
tendinona,  and  riband-shaped,  from  the  lower  angle  of  the  eoronoid  process 
the  latter  joining  the  fibres  of  the  rsdial  origm  before  these  umtcd  with  the 
rest*   In  all  but  2  this  arrangement  was  on  both  sides. 

In  2  females  (Nob.  19  and  22)  the  sublinds  tendon  to  the  little  finger 
was  absent  In  the  latter  the  perforated  tendon  was  supplied  by  the  fourth 
hai^nealis  muscle.  This  arrangement  forms  a  contrasted  instance  to  that 
just  mentioned,  in  which  the  first  lumbricalis  took  origin  from  a  tendon 
supplied  by  the  sublimis.  In  the  left  arm  of  the  female  (No.  20)  a  musculo- 
tendinous slip  was  given  off  from  the  aubfimU  to  the  palmar  fascia,  in  aid 
of  a  very  feeble  palmaris  laagus.  Such  a  slip  has  been  fonnd  by  Macalister 
ill  Ce^Mf  ciiptieftiw.   BosenmDUer  has  also  described  it  in  the  human  sub- 
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ject  (op.  ciL  S.  6).  In  the  opposite  arm  botli  the  palmaris  longus  and  the 
substitiitory  slip  from  the  sublimis  were  wanting.  In  the  female  (No.  23) 
a  separate  digastric  muscular  belly  was  provided  for  the  perforatus  tendon 
of  the  index,  while  the  rest  of  the  muscle  was  much  divided.  In  No.  31  a 
like  digastric  uuisc  le  ^ave  gave  off  the  perforatus  teadons  to  both  the  index 
and  little  finders.  This  was  exactly  like  the  instance  described  in  the  au- 
thor'jj  lust  paper.  It  has  been  recorded  also  by  Meckel,  and  lately  by 
Macalister.    It  is  occasionally  found  iu  the  Quadriimana. 

19.  Flexor  profundus  diyiioram. — In  no  less  than  4  males  and  6  females 
out  of  the  36  subjects  of  the  present  year,  and  in  19  subjects  out  of  a  total 
of  102,  was  found  the  rounded,  tapering,  muscular  slip  arisinc?  with  the 
condylo-corouoid  origin  of  the  sublimis,  and  joining,  either  by  Ikshy  fibres 
or  by  a  long  tendon,  some  part  of  the  fiexor  profundus  or  its  tendous.  It 
was  observed  by  Gantzer,  and  named  by  him  the  "  aecessorius  ad Jlexorem 
profundutji  diyitoriun."    la  two  males  (Nos.  2  and  9)  it  joined  that  part 
of  the  profundus  wiiich  supplied  the  index  finger.    In  Ntj.  9  it  came  off 
from  the  coronoid  iu  common  with  a  like  slip  to  the  flexor  longus  pollicis. 
In  seven  subjects  it  joined  the  secoud  tendon  of  the  profundus,  viz.  that  to 
the  middle  digit  j  and  in  one  female  (No.  31)  it  was  large,  and  ended  in  a 
long  and  good-sized  tendon,  dividing  at  the  wrist  into  separate  tendinous 
slips  to  the  three  inner  digits,  presenting  almost  the  appearance  of  an  in- 
termediate common  flexor,  homologous  with  that  which  constitutes  the 
chief  bulk  of  the  combined  flexor  muscles  in  the  Camivora  and  other  Mam- 
malia.   It  was  similar  in  many  respects  to  the  arrangement  in  the  Negro 
before  alluded  to.    The  author  has  found  the  slip  of  connexion  between 
the  coronoid  fibres  of  the  nthlmU  and  the  profundus  in  the  arm  of  the 
Orang-outang.   It  is  slender,  and  joms  that  part  of  the  profundus  which  be- 
comes differentiated  into  a  Jiexar  widSfm  in  this  animal,  as  well  as  in  the 
Gorilla  and  Chimpaniee.  The  anthor  haa  alao  found  the  aame  alip  hi  the  Afa* 
eaeuM  radiafuM,  arising  muiciilo-tendiiioiii  irith  the  snblimii,  and  uniting 
just  above  the  wrist  with  the  combined  tendons  of  tiie  flexor  profundua  and 
longus  poUicis,  jost  before  the  ten^Unoui  slip  to  the  thumb  is  given  off. 
In  Nf/eHtthm  ierd^pradiu,  or  Slow  Loris  (m  whieh  animil  the  common 
fleiora  are  itifl  diatinct  as  in  Man  and  the  higher  Quadramana),  a  slip  of 
tendon  from  the  snbKrais  mutes  with  the  piofondua  above  the  carpus,  and 
joins  also  the  flexor  poOids  (Bfivartand  Murie*  Ptoc.  Zool.  Soc.  Feb.  1865, 
p.  24).  Meckel  also  describes  this  in  the  Loris*    It  is  also  found  in 
Ckmvmy*,  according  to  Owen,  end  m  Tannu,  as  described  hy  Burmeister, 
showing  in  tiieie  animals  a  more  decided  tendencrf  to  the  more  complete 
amalgamation  and  snhstitation  found  in  animals  lower  in  the  scale.   In  the 
Hedgehog  the  author  has  noted  its  presence  in  a  more  decided  form,  and 
still  more  Urgely  developed  in  the  Ouineapig,  Sormulot,  and  Babbit,  whett 
it  assumes  more  of  the  site  and  importance  whieh  it  possesses  in  the  Cami- 
vora,  in  whom  it  constitutes  the  diief  bulk  of  the  combmed  flexors. 

In  the  left  snn  of  a  male  (No.  5)  a  ecnsiderable  slip,  amounting  almost  to 
rot.  xn.  2  V 
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an  equal  dimioo  of  the  tendon  of  the  flexor  Imyus  polHcU,  joined  bodily 
with  the  uuKeiat  tendon  of  the  profundus,  just  at  the  point  of  origin  of  the 
flnt  lumbrieaHt  muacle,  which  arose  equally  from  bodi  by  a  doable  penni- 
form  belly.  In  the  right  arm  of  the  same  subject,  a  single  penniform 
mnsde^  arising  from  the  middle  third  of  the  front  surface  of  the  radius  be- 
low the  flexor  longus  polUcis,  gave  off  a  tendon  which  passed  under  the 
annular  ligament  behind  that  of  the  ileior  longns  pollicis,  and  ended  by 
giving  origin  to  the  outer  half  of  a  bipenniform  Jtrti  hmbrieaJu  moack ;  Imt 
it  did  not  form  any  other  hind  of  janetion  with  the  indidal  tendon  of  the 
profondos.  The  last  abnormality  has  been  observed  by  Tbeile  and  Heule. 
It  has  an  evident  relation  to  that  on  the  left  arm  of  the  same  snbject,  aU 
though  the  slip  does  not  quite  reach  the  tendon  of  the  proAindas ;  and  it 
has  also  a  more  remote  one  to  the  slip  before  described  irom  the  aMimu 
to  the  bipenniform  fir^  lumbricaUs-— the  connexion  between  the  two  in  the 
latter  beiog  kept  op  by  the  blending  of  a  eoronoid  acceuory  musde  of  the 
profimiuM  or  Jtexor  poUiei9  tongut  with  the  slip  to  the  lumbricalis.  In  one 
of  last  year's  subjects  the  tendon  to  the  bipenniform  lumbricalis  came  di* 
rectly  from  the  belly  of  the  flexor  longus  pollicis,  in  place  of  haying  a 
distinct  radial  mnscolar  belly.  In  the  male  (No.  7)  the  profundus  itself 
gave  off  a  long  musculo-tendinous  slip  to  the  second  lumbricalis.  In  the 
female  (No.  1 9)  that  portion  of  the  fibres  of  the  flexor  profundus  which 
arises  from  the  interosseous  ligament,  and  gives  rise  to  the  indieial  tendon, 
formed  a  distinct  flexor  indicts^  an  areolar  intervnl  extending  along  its 
whole  length  and  separating  it  from  the  rest  of  the  fibres  of  the  pro- 
fundus. 

20.  Flexor  longus pollicis. — In  27  out  of  the  36  subjects,  viz.  i  :^  males 
and  14  females,  this  muscle  received  a  fleshy,  fusiform  eoronoid  oripn,  the 
"  mnscidus  aecessorius**  of  Gantzer.    Sometimes  it  was  dbtinct  from  the 
eoronoid  fibres  of  the  sublimis,  but  was  more  frequently  blended  with  thein. 
In  both  arms  of  the  male  (No.  5)  the  accessory  muscle  received  an  addi- 
tional muscular  slip  from  the  condrjloid  fibres  of  tlie  sublimis,  the  fibres  of 
Avhich  were  continuous  with  those  of  the  tendon  before  def^crihed  as  passing 
to  the  first  Inmhricnlls  muscle.    This  eoronoid  or  condyloid  slip  Im-  bt'en 
lound  bv  tliL'  author  m  41)  subjects  out  of  102,  viz.  in  22  out  of  f>>  hiules, 
and  in  Id  out  of  34  feinnles.    It  would  thus  seem  to  be  more  coDimou  in 
the  latter  sex.    la  Ki  ot  the  males  nud  12  of  the  females  it  was  present  in 
both  arms,  in  4  males  and  1  females  in  the  right  arm  only,  and  in  5  males 
and  2  female"^  in  the  lel't  only.     The  condyloid  orijri!>  occasionally  fouod 
forms  a  still  closer  homology  with  the  chief  or  condyloid  origin  of  the  com- 
bined flexors  of  the  lower  animals.    In  3  subjects,  viz.  1  male  (No.  IH)  in 
both  arms,  and  2  females  (in  No.  28  in  the  right  arm,  and  in  No.  .'32  in  the 
left  only),  the  flexor  longns  poUicis  tendon  subdivided  into  two,  the  inner 
and  smaller  joining  in  two  of  them  the  indieial  tendon  ui  the  perforans 
about  the  wrist — but  in  one  (No.  28)  havint;  a  diitiuct  instrtion  into  the 
ouUi  part  of  tiic  base  of  the  ungual  phniaux  of  the  index  finger,  lying  iu 
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the  sheath  as  a  sepaiato  tendon.  The  former  of  theae  arrangemenfa  has 
heen  observed  by  the  older  anatomists»'Fleischmann,  Loschge,  Gankzer,  and 
Meckel.  Both  represent  very  closely  the  tendinous  connexion  usually  ex- 
isting between  the  long  flexors  of  the  toes  as  a  slip  from  the  flexor  halluds 
to  the  second,  third,  and  sometimes  the  fourth  tendons  of  the  flexor  com* 
manis.  In  his  paper  of  1866  (p.  2Ab)  the  author  described  a  variety  in 
which  the  communicating  slip  passed  in  the  opposite  direction,  viz.  from 
the  indicial  tendon  of  the  profundus  to  the  flexor  longus  pollicis,  an  ar- 
rangement which  is  found  In  the  Oorills,  according  to  Duvemoy,  and  in  the 
Chimpansee  as  described  by  Ptofessor  Wilder  (Boston  Joum.  of  Nat.  Hist, 
vii.  364).  This  resembles  an  occanoual  variety  in  the  communicating  slip 
between  the  homologous  tendons  in  tbc  foot  of  the  human  subject. 

21.  Lumbrieaies  moitutf.— Besides  the  aboonnal  ori<;in  of  the /rst  lam* 
bricalis  before  alluded  to,  there  were  8  other  irregularities  affectuig  these 
muscles  in  the  36  subjects.  In  Nos.  5  and  1 0,  male,  and  No.  36,  female, 
the  Mecond  lumbricalis  was  bipenniform  in  its  origin  from  the  contiguous 
sides  of  the  first  and  second  perforating  tendons.  In  the  left  arm  of  Nos.  4 
and  18,  and  in  both  arms  of  No.  8,  all  males,  the  lumbricalis  was  bi- 
furcated, with  a  double  insertion  into  the  extensor  aponeurosis  of  the  third 
and  fourth  digits.  This  was  the  case  also  in  the  left  arm  of  No.  7,  while 
in  the  right  arm,  both  the  third  and  fourth  Inmbricales  were  bifurcated  and 
inserted  into  the  contiguous  sides  of  their  opposing  digits.  In  the  left  arm 
of  No.  18  the  fourth  lumbricalis  was  absent.  In  the  left  arm  of  No.  17  a 
slip  of  communication  was  observed  between  the  origin  of  the  frst  palmar 
interouem  and  the  middle  of  the  firat  lumbricalis,  which  thereby  aswimed 
the  appearance  of  a  bipenniform  muscle,  an  abnormahty  which  does  notap- 
[)ear  to  have  been  before  recorded.  All  these  subjects  but  one  were  males ; 
4  were  found  on  both  sides,  3  on  the  left  only,  and  i  on  the  right  only. 

Out  of  102  subjects,  viz.  ()8  males  and  34  females,  examined  by  the  author, 
some  of  the  Inmbricales  of  the  liand  Imve  been  found  nhnorrnal  in  19.  In 
4  of  these,  abnormalities  of  two  kinds  occurred,  makmg  alin^ethcr  23  spe- 
cimens ;  1  5  were  males  and  4  only  females,  giving  a  proportion  ttf  twice  as 
frequent  m  the  male  «o\-.  8  were  found  on  both  sides.  8  on  the  riglit  side 
oidv,  and  7  on  the  iclt  only.  The  second  was  doubled  in  its  insertion  once 
only,  in  the  left  hand;  and  was  bipenniform  in  its  origin  in  two  instances. 
The  third  was  bifurcated  and  double  at  its  insertion  in  10  instances,  in  6  on 
both  sides,  2  in  the  right,  and  2  in  the  left  hand  only.  It  was  bipcnnitorm 
in  its  orij;in  in  2  subjects,  in  boiii  liands.  The  fourth  was  doubled  in  2  iu- 
fctances,  I  in  the  right  anil  1  in  the  left  hand.  In  one  female  it  sii[>j>li( d, 
in  both  hands,  the  pcrforatus  tendon  of  the  fifth  di^rit  Onccit  was  inM nod 
into  the  ulnar  side  of  the  ring-digit  instead  of  the  little  finder,  ns  lias  been 
observed  by  Moser  and  Theile  ;  and  in  three  instances  it  was  totally  want- 
ing— once  on  the  right  aiid  twice  on  the  left  side.  The  last  abnormality 
has  been  recorded  by  iSoennm  1 1 mg  and  Meckel.  The  above  figures  are 
considerably  smaller  than  those  given  by  i  loment  (iiecherch.  sur  piusieurs 

2  u  2 


Digitized  by  Google 


502 


Mr.  J.  Wood  on  Variatiom  tn  Human  Mtfologu-    [June  18, 


points  (I'Anatoniic,  1853),  who  found  sonic  of  these  muscles  abnormal  in 
45  per  cent,  of  subjects.  The  proportionate  frequency  ol  the  several  muscles 
affocted,  however,  is  much  the  same.  He  also  found  the  third  to  be  most 
frequently  affected,  as  had  been  observed  indeed  \iy  ihc  older  anatomists, 
Pctsche,  Wftlther,  and  Heister  (in  Haller's  Disput.  Anatom.  Select.)*  w 
well  as  by  Meckel  unJ  Thi'ilc. 

22.  Flexor  carpi  radialis. — In  three  males  and  two  females*  two  of 
the  males  on  the  right  side  and  the  rest  on  the  left  only,  the  tendon  of 
this  miude  gave  a  slip  of  insertion  into  the  trapeziom  hefore  heing  im- 
planted upon  the  base  of  the  second  metacarpal  hone.  This  has  heen  re* 
corded  by  Alhinus,  Loschge,  Fleischmann,  Theile,  and  Hyrtl,  and  is  men- 
tioned by  Henle  (Mnskellehre,  S.  191). 

Fiexor  earpirttdU^brwU  weaprofuniu9^.^\tk  the  left  ann  of  a  female 
(No.  28)  was  found  a  small  specimen  of  the  variely  of  abnormality  de- 
scribed by  the  author  under  thii  name.  It  arose  from  the  oblique  line  of 
the  radius,  under  the  origin  of  the  flexor  sitblimis,  by  a  falciform  aponeoroaia. 
with  a  fusiform  belly  1  \  inch  long,  and  was  inserted  by  a  round  tendon  into 
that  deep  process  of  the  annular  ligament  which  is  implanted  upon  the 
ridge  of  the  trapesium  and  trapesoid,  enclosing  the  groove  for  the  tendon 
of  the  flexor  carpi  radialis.  In  the  left  arm  of  No.  32  (also  a  female)  • 
larg^  specimen  of  the  same  musde  existed,  arising  aponeurotic  from  the 
oblique  line  and  outer  border  of  the  radios,  with  a  fusiform  belly  ending  in 
a  round  tendon  which  crossed  deeply  and  obliquely  across  that  of  the  flexor 
longua  poUicis,  close  upon  the  wrist-joint,  to  he  inserted  in  a  fiin-shaped 
way  into  the  head  of  the  os  magnum,  almost  but  not  quite  reaching  to  the 
base  of  the  middle  metacarpal  bone.  This  specimen  supplies  a  connecting 
link  between  the  fusiform  muscle  attached  to  the  annular  ligament  of 
No.  28  (which  it  resembled  in  its  shape  and  origin)  and  the  complete  flexor 
of  the  middle  metacarpal  bone  described  by  the  author  in  former  papers, 
which  it  closely  resembles  in  its  insertion.  In  the  same  hand  the^jror 
carpi  radial%9  gave  off  a  alip  to  the  trapedum.  In  both  arma  of  No.  28 
the  polmarUt  longui  was  wanting ;  but  in  No.  32  that  muscle  was  present 

*  While  this  is  going  through  the  pre^s,  the  author  has  been  Bnonnd  by  Frotaor 
W.  Qruber,  of  St  P^tereburg,  wiOi  the  last  and  ■erwat  baek  numben  of  the  *  Sulktin  de 

I'Acad.  Imp.  des  Scinnoosde  St  F^lersboaig.*  &i  the  last  he  claims  priority  of  iliscovery 
nTfl  pnWifation  in  the  matter  of  the  aboTP-named  muscle,  which  he  figured  and  desoriK-d 
in  tlirce  male  fubjccte  in  l8o9  (intom.  xTii.  no.  2^^,  of  that  periodical),  and  which  he  then 
named  "  M.  radio'Carpeu*"  and  "  M.  radto-carpomctacarpeu*.'^  The  author  takei&  the 
earlieet  qsportunity  of  Mlmowledging  this  priority  as  regards  hhnielf.  He  me  tiwwn  of, 
and  has  flwquently  xefenred  to  evideneee  of  Profeiaor  €hnibef*B  ukhutiy  in  obeerwation, 
but  he  did  not  recognise  his  exceeding  merits  as  a  disooTorer  till  informed  of  them  by 
the  pamphlets  above  mentioned.  Tn  the  lust,  Profe5i8or  Gru)  cr  liimself  refers  to  the 
publimtion  of  an  itrstance  of  tlie  "  .V.  radio-cnrpena^'  bv  M.  Fauo  in  the  'Bull,  de  la 
8oc.  Anat.  do  Paris,'  in  November  with  which  he  him^lf  did  not  become  m> 

quaiafted  before  18601!  The  giooBds  upon  whieh  he  claiins  prioritj  in  ftoe  of  fiiie  we 
not  oonvincing ;  but  he  ol^ecU  to  the  name  gifen  the  author,  and  announosB  that 
the  muscle  ahall  from  henoeforward  be  called  "  Jtfl  raHatU  intemut  hnvit  («.  mmor) ! 
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and  normal  iii  the  same  arm,  and  fusiform  in  the  opposite  or  right  arm. 
In  both  the  sex  was  female,  and  the  muscle  was  found  in  the  left  arm 
only.  In  the  8  instances  previously  described  by  the  author  the  sex  in  7 
was  male ;  and  in  all,  the  muscle  was  found  in  the  right  arm  only.  The 
Ifttter  peculiarity  was  also  present  in  2  specimens,  of  wliich  notes  have  been 
kindly  forwarded  by  Mr.  Macalister  of  Dublin,  one  of  which  was  inserted 
into  the  third  metacarpnl  and  the  otlier  into  the  annnlar  ligament.  la 
ft  note  sent  to  the  author  in  March  Inst,  the  ?nmc  excellent  observer  fa- 
voured him  with  a  description  of  a  peculiar  arrangement  of  tiic  nmstk  which 
he  had  found  in  a  female  in  the  left  arm  only.  Tlie  muscle  arose  by  two 
head^,  viz.  the  more  usual  one  from  the  radius  between  the  liexor  sublimis 
tuid  tlexor  longus  pollicis,  and  the  other,  flat  and  apuneurotic,  from  the 
iuternai  condyle  of  the  humerus.  These  joined  in  n  muscular  belly  4  inches 
long,  which  Ir.y  deeper  than  that  of  the  flexor  carpi  raJialis,  mid  outside 
of  the  flexor  lougus  pollicis,  and  was  inserted  by  three  sl.{>s  u(  iciuidn  into 
the  deep  surface  of  the  annular  ligament.  The  palmaris  ionyus  was  al:>o 
present,  and  normal  in  this  case. 

23.  Palmaris  longM. — In  three  males  (Nos.  1,  6,  &  15)  this  muscle  and 
its  tendon  were  both  double,  in  the  first  two  in  the"  left  arm  only.  In 
the  last  it  was  found  in  the  right  arm  only — the  supernuiuerary  muscle  being 
almost  median  and  fusiform  in  shape,  and  the  tendon  of  insertion  reaching 
only  to  the  annular  ligament.  In  both  arms  of  a  male  (No.  17)  its  tendon 
was  split  up  into  several  parts,  all  inserted  into  the  amnilar  ligament  closer 
than  usuhI  to  the  scaphoid.  In  both  arms  of  No.  Iti  iu  belly  was  fusi- 
form and  nearly  median,  and  its  tentlou  of"  insertion  gave  off  a  slip  to  the 
origin  of  the  abductor  pollicis.  In  the  left  arm  of  the  females  (Nos.  31  & 
34)  the  muscular  belly  was  also  fusiform  and  median  in  its  position.  In 
the  latter,  the  tendon  of  insertion  was  double.  In  four,  all  females,  the 
palmaris  was  found  entirely  wanting — ^in  No.  28  on  both  tidea,  in  Nos. 
20  &  31  in  the  right  am  only,  and  in  No.  36  in  the  left  only.  In  the 
right  hand  of  Che  but,  the  pt^marit  brems  was  also  absent.  No  slip  of 
snbstitntion  was  found  in  any  of  these  instaaces.  In  the  right  arm  of  the 
male  (No.  13),  and  b  the  left  of  the  female  (No*  29),  the  only  representa- 
tive of  this  mnsde  was  a  feeble  nufimentaiy  tendinous  dip. 

Oat  of  102  closely  obsenred  subjects,  vis.  68  male$  and  34  females,  23 
have  presented  abnormalities  of  this  muscle.  In  7  of  these  they  have 
varied  in  the  two  arms*  presenting  altogether  31  instances ;  6  were  double 
musdes,  and  3  doable  tendons;  of  these^  in  7  males  and  2  ifemalea,  1  was 
in  both  arms,  2  in  the  right,  and  no  less  than  6  in  the  left  arm  only.  It 
has  been  altogether  absent  in  9  instances,  and  rndimentaiy  in  2,  vis.  in  4  males 
and  7  females;  of  these,  4  were  in  both  arms,  4  in  the  right,  and  3  in  the 
left  arm  only.  The  number  of  absent  muscles  was  thus  nearly  double  in 
half  the  total  namber  of  females,  giving  a  proportion  of  4  to  1  of  fre- 
quen^  of  absence  in  this  sex.  In  5,  riz.  3  males  and  2  females,  the  mus- 
cular belly  was  median  or  inverted,  in  2  on  both  sides,  2  in  the  right  arm. 
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nod  I  in  tbe  left  only.  In  1  male  and  I  female  only  was  tbe  Jtexor  carpi 
radialU  breeU  pretent  when  this  muscle  was  absent  or  radimentary.  In 
the  left  arm  of  one  female  a  snbstitutory  slip  came  from  the  Jlexor  wubUmu 
digitarum.  In  3  males,  in  2  on  both  sides,  and  1  on  the  left  only,  anch  a 
slip  was  derived  from  the  flexor  carpi  radialis. 

24.  Extetmor  carpi  radialis  langior» — In  2  males  and  1  female,  twice  in 
the  right,  and  once  in  the  left  arm,  this  muscle  was  entirely  blended  at  its 
origin  with  its  twin  muscle  the  brecior.  In  the  male  (No.  1 1)  the  coal- 
esced muscle  gave  off  two  tendons,  which  had  the  usual  insertions  of  the 
longior  and  brevior.  In  No.  2  it  gave  off  three  tendons,  the  middle  one 
heing  that  of  the  muscle  called  by  the  author  the  extensor  intermediM*, 
which  was  inserted  with  the  brevior.  In  the  female  (No.  32)  there  arose 
in  the  left  arm,  from  the  oombined  muscular  belly,  no  less  than  /wr  ten- 
dons, of  which  the  inner,  corresponding  to  that  of  the  brevior,  was  the 
largest  and  subdivided  into  two  (making  flve  in  all),  the  superficial  one 
of  which  was  inserted  into  the  bases  of  the  second  and  third  metacarpals, 
and  the  deeper  into  that  of  the  third  only.  The  outermost  tendon,  repre- 
senting the  longior,  was  inserted  into  the  base  of  the  second  metacarjia!  : 
while  the  two  intermediate  tendons  united  nt  the  lower  end  of  the  radius, 
to  be  inserted  together,  on  the  inner  side  of  the  lonr/ior,  into  the  base  of  the 
fWffx-metacarpal.  This  coalescence  of  the  fleshy  bellies  of  tho  lonffior  nml 
brevior  has  been  alluded  to  as  an  aljscncc  of  the  extensor  hrcvior,  with  the 
/ow^ior  supplying  two  tendons,  by  Meckel  (Muskcllelirc,  S.  .509),  quoting 
Albiims  (Hist.  Muse.  p.  4  Iff),  ntnl  Salzniann,  and  also  hy  Mnrwluiinie  and 
lienle.  Theile  mentions  it  as  a  union  of  the  longior  and  hi'<r'i<>r  i^op.  n't. 
p.  220).  Meckel  remarks  upon  its  resemblance  to  the  nrraJiL: n  ;  nt  in  the 
lower  animals,  and  after  him  Macwhinnie  and  Hi  nlc.  Tlie  construction 
in  the  female  (No.  32)  somewhat  resend)les  the  ksrniatiuii  in  the  Rumi- 
nants;  that  in  the  male  (No.  2)  tniUs  its  counterpart  in  the  Ilyaiua  and 
Brown  Bear.  In  the  rij^ht  arm  of  No.  7,  and  the  left  of  No.  12,  the  ten- 
don oi  tlie  lonf/inr  was  split  into  two,  both  having  the  nfMiuul  m.-«t  itton. 

In  the  female  (No.  21)  the  ion(/ior  gave  otl'  a  large  iiia*cular  slip  to  join 
the  supinator  lonr/nx  high  up.  This  resembles  the  (luui)leheaded  supinator 
longus  found  by  Mivart  in  the  Iginnm  lubf^n  ulata,  the  second  head  of 
wluch  arose  with  the  extensor  carpi  radialis  (l*roc.  Zooi.  Soc.  June  1867, 
p.  7vS3). 

Extenwr  carpi  radialis  acccssorius. — The  above-described  doubling  of 
tlie  tendon  of  the  louyior  forms,  apparently,  the  first  point  of  transition  to 
the  abnormality  found  in  no  less  than  seven  subjects  (viz.  Nos.  4,  6,  10,  1.*), 
&  1  7,  males,  and  Nos.  27  &  29,  females).  In  these  a  slip  from  the  outer 
side  of  the  tendon  of  the  longior  had  a  detached  insertion  into  the  base  of 
the pollex-metaearpal  and  into  the  flrst  dorsal  interosseoiu  muscle.  Such 
slips  have  this  session  been  reiy  closely  looked  for  as  intermediate  transi- 
tiona]  forma  of  the  muscle  which  has  been  described  and  figured  by  the 
author  in  former  papers  as  the  extensor  aeeessorius.    In  the  male  (No.  4) 
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the  insertion  of  this  outer  tendinous  shp  from  the  longior  was  found  in 
both  arms,  nnd  was  so  si^iiificant  tlmt  it  has  been  chosen  as  the  subject  of 
fig.  6.  Leaving  the  outtr  a'ulc  of  the  hngior  tendon  and  but  sHghtly  in- 
ferior to  it  in  size,  just  above  the  radial  stvloid  process,         Kg.  8 

*  wi     1  c  .X    «w  .  '  M      1    *i       (Subject  No.  4). 

it  crossed  the  depression  of  the  "  tabaticre    under  the    ^  * 

extensor  tendons  of  tlic  thumb,  and  reached  the  first 
interosseous  space.    There  it  suh(Hvided  into  two  shps,  \ 
the  outer  one  of  whicli  was  inserted  into  the  inner  part 
of  the  base  of  tlie  /?o//ej*-mctacarpal  (a)  ;  and  the  inner, 
spreading  out  into  a  sort  of  aponeurosis,  was  first  at- 
tached to  the  base  of  the  i/jr/ejr-metacarpal  (/>),  and  then 
passed  into  the  united  origins  of  the  abductor  iru/icis 
(interos»eu8  prior  indicis  of  Albinus)  (c),  and  of  an 
inierosaeus  primus  volar ia  of  Henle  (</).    The  first  dor- 
sal interosseus  was  entirely  divided  into  two  muscles,  of 
which  the  posterior  {e)  arose  from  the  contiguous  meta- 
wpals  quite  distinctly  from  the  deeper  muscle  (c), 
which  alfo  arose  by  a  bifurcated  origin,  one  from  the 
index-metactrpal,  and  the  other  (Vom  the  slip  of  the 
aeeeamniuM  tendon  under  deieription,  in  common  with 
the  interoueuM  wolarif.   In  the  figure,  the  dorsal  por- 
tion is  cat  off  close  to  its  two  origins  to  show  the  deeper 
part.   In  the  same  arm  was  obserred  an  extensor-lRltfr- 
mttKw  tendon,  also  leaving  that  of  the  longior  {/), 
rather  higher  than  the  aeeutoHua,  and  joining  that  of 
the  bretrior  (y)  at  its  insertion  into  the  second  ami  third 
metacarpals.  The  thumb-extensors  are  in  the  fignre 
cut  off  close  to  thehr  origins  and  insertioos. 

In  this  specimen  we  have  clearly  some  light  thrown 
upon  the  way  of  the  formation  of  the  anomalous  etr^eii- 
sor  aecBMoriua.  The  abnormal  muscle  b  produced 
simply  by  lateral  differentiation  and  displacement  of  the 
outer  part  of  the  muscle  and  tendon  of  the  longior,  a 
process  which  stops,  in  the  specimen  just  described,  at 
the  tendon  only. 

In  the  left  arm  of  the  male  (No.  6)  a  similar  slip  from  the  longbr  was 
inserted  into  the  base  of  the  poUex-vuiaearpal,  and  was  continuous  with 
the  deep  origin  of  the  /leaeor  hrevia  poUuu,  there  being  no  inieroueu^ 
voiaris  present.  In  the  right  arm  of  No.  10  the  same  abnormal  tendon 
was  even  larger  than  the  normal  one  of  the  longior,  and  there  were  decided 
marks  of  a  division  of  the  muscular  beUy  into  a  distinct  muscle.  The 
accessory  tendon  divided  about  an  inch  above  its  termination  into  an  inner 
slip  inserted  into  the  outer  tubercular  projection  of  the  base  of  the  index- 
roetacarpal,  and  an  outer  one  which  subdivided ;  one  of  the  subdivisions, 
being'  inserted  into  the  base  of  the  poUex-metacarpal,  gave  part  origin 
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to  an  interosseus  roiarit,  the  other  becoming  connected  with  the  ori- 
gins of  the  abductor  indicit  and  deep  head  of  the  fiexor  brevU  pol- 
lieis»  On  the  opponte  arm  of  the  same  subject,  the  hngior  had  simply 
a  doable  tendon,  each  part  of  which  was  inserted  into  the  base  of  the 
index-metacarpal,  one  crossing  under  the  other  in  a  enrioos  way.  In  the 
left  arm  of  No.  15,  and  in  both  arms  of  No.  17  also,  the  tendon  of  the 
longior  gave  off  a  slip  to  the  poUex-metacarpal.  The  female  (No.  27) 
had  a  similar  slip  in  the  left  arm,  and  No.  29  in  the  right  arm.  In  the 
opposite  arm  of  the  former  was  a  complicated  arran^meut  of  the  erlensor 
intermedius. 

The  foregoing  accessory!  slips  of  the  extensor  carpi  rndialis  longior 
nonld  not  be  observed  in  a  casual  dissection  of  tlic  part,  the  normal 
and  abnormal  parts  of  the  tendon  being  closely  npplied  to  each  other  and 
divided  by  a  mere  chink.  It  is  only  by  following  closely  the  tendons  to 
their  ultimate  insertion,  and  removing  the  dorsal  iTitpro?«eous  fascia  where 
it  covers  and  conceals  them,  that  the  rciil  insertion  becomes  apparent. 
Hence  it  appears  that  this  abnormal  slip,  though  now  found  to  be  not  in- 
frequently present,  lins  never  before  been  recorded.  Macwhinnie  mentions 
that  the  tendon  of  the  longior  is  souk  times  inserted  partly  into  the  dorsal 
fascia  of  the  hand  {op.  at.  p.  191);  aiui  Ihister  (in  HalUr's  Disp.  Anat. 
Select,  t.  vi.  p.  739)  describes  a  Muscuius  rudiictis  cxtcrnus  tncorms^ 
two  tendons  of  which  were  inserted  into  the  Jirsl,  and  the  third  into 
the  second  metacarpal  bone.  These  may  have  been  instances  of  the  same 
formation. 

The  fully  formed  muscle  and  tendon  of  the  accessonus  was  much 
more  adaj)ted  to  challenge  attention  ;  but  aficr  a  careful  and  prolonged 
search  among  the  works  of  the  older  nnatomists  (kindly  placed  witliiu  his 
reach  by  Professor  Sharpey),  the  author  has  found  tliat  only  ouc  iucom- 
plete  example  has  been  recorded.  The  specimen  referred  to  is  described 
by  G.  Fleischmann  (m  Abhandl.  der  physikalisch-medicin.  Societat  zn 
Erlangen,  1810,  Bd.  i.  S.  28.  with  a  figure  by  Loschge,  Tafel  I.  fig.  2). 
It  was  an  example  (found  in  both  arms  of  a  woman)  of  that  Tariety  of  the 
mnscle  in  which  the  tendon  is  not  inserted  at  all  into  the  pollex-metacar- 
pal,  but  passes  bodily  into  one  of  the  muscular  bellies  of  a  double  or 
divided  abductor  pollieU  brevu,  Sneh  a  specimen  was  figured  by  the 
author  In  his  paper  of  1854.  The  absence  of  any  bony  attachment  to  the 
pollex*metacarpiil  seems  to  have  obscured  the  real  nature  of  themnsde.  It 
was  caUed  by  Fleischmann  *'  <ler  gweMuhiger  JMeker  dei  Jhntmmia,"  or 
"  ahdueiar  poiUeU  ^ep§.**  It  seems  to  have  been  the  identical  specimen 
obscurely  alluded  to  by  Meckel  under  that  name  (Musfcellehret  8.  517). 
and  mentioned  by  CniTeilhier  under  the  head  of  "  oMuctor  polUdi  irmn* 
as  a  double-headed  abductor  of  the  thumb.  Henle  also  seems  to  have  fol- 
lowed thb  indication  of  a  digastric  long  abductor  of  the  thumb  (Muakelldne» 
8.  224). 

In  175  subjects  in  which  the  author  has  had  this  muscle  carefully 
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looked  for»  it  bas  been  found  m  a  miude  md  tendon,  dUtinct  from 
the  cxtenaor  carpi  imdialis  longior,  in  6  lubjeets ;  via.  5  wuHn^  in  3  in 
both  anne»  and  in  2  in  tbe  rigbt  am  only,  and  in  wbere  it  vaa 

found  in  tbe  left  arm  onlj.  In  Cnvier  and  LaariUard'a  platee  of  tbe  dia- 
aeetion  of  tbe  Common  Seal  {Fkoea  vUulma,  pi.  19),  ia  figured  a  alip  of 
tendon  from  (be  amg|e  radial  extensor  of  tbe  carpna  to  tbe  pollex-*meta- 
cnrpal,  sending  off  a  alip  to  join  tbe  inaertion  of  tbe  extensor  potlida. 
Humpbry  also  describes  the  same  slip  as  inserted  simplj  into  tbe  poUex- 
metacarpal  in  that  animal  (Joum.  of  Anat.  and  Phys.  May  I8G8,  p.  306). 
In  the  great  Anteatcr  and  Tamandua,  Meckel  describes  a  double  or  second 
supinator  longus,  of  which  the  tendon  of  one  is  inserted  into  the  ensiform 
bone  and  palmar  fascia.  This  appears  to  be  the  homologue  of  the  aceen 
tortus.  The  author  baa  also  found  its  bomologue  in  the  Omithorbynchua 
and  Echidna. 

25.  Extensor  carpi  radialis  intermediui. — ^Tbe  muscle  and  tendon  de- 
scribed by  the  author  under  this  nnme,  or  its  representative  tendon 
paswng  between  the  longior  and  breviort  have  been  found  this  session  in  no 
less  than  13  subjects.  In  tbe  male  (No.  1 1 )  and  in  the  female  (No.  22) 
it  was  represented  by  a  muscular  belly  dbtinct  from  those  of  the  longior 
and  brevior,  an  arrangement  which  has  been  recorded  by  Albinus,  Meckel, 
and  Tbeile.  In  the  left  arm  of  the  former  subject,  the  muscular  slip  left 
the  origin  of  the  longior  ;  and  the  tendon,  after  crossing  bet^Tcen  that  of  the 
longior  and  the  radius,  gave  off  a  slip  to  the  tendnn  of  the  brevior,  and 
was  finally  inserted  into  the  index  mt  tac  arpnl  iiij-idc  tlie  longior.  It  was 
in  the  rig;ht  arm  of  this  subject  that  the  radial  extensors  were  blended,  as 
before  described.  In  the  males  (Nos.  2,  5,  &:  16)  and  iii  the  females  (Nos. 
27  &  34),  intermediate  tendiuous  slips  came  off  from  both  the  longior  and 
brevior  (sec  fig.  7  h).  A  similar  case  is  recorded  by  Bergman  (Handschr. 
Notiz.)  and  quoted  by  Henle.  In  Nof?.  2  &  5  these  slijis  sinijily  joined 
together  to  be  inserted  into  the  index  luetacarpal  inside  the  longior.  In 
the  right  arms  of  Nos.  16  &  27,  the  slips  crossed  each  other  without  join- 
ing, to  be  inserted  with  the  opposite  longior  and  brevior  tendons  respec- 
tively. In  the  right  arm  of  No.  two  slips  from  the  longior  and  one 
from  the  brevior  united  in  a  bliiude  tendon,  which  suhJividcd  to  be  inserted 
with  the  longior  and  brevior  respectively,  as  iu  the  Ruminant«.  In  the 
leit  arm  of  No.  27  the  double  slips  united  into  one,  which  crossed  under  the 
tendon  of  the  brevior  to  be  inserted  into  the  middle  metacarjial  bone  on  its 
inner  or  ulnar  side.  In  four  males  (iu  Nos.  4  ia  in  both  arjiis,  and  in 
12  &  18  in  the  left  arm  only)  and  in  two  females  (in  the  left  arm  of 
Nos.  30  &  34)  the  slip  passed  from  the  longior  above  to  the  iniiertion  of 
the  brevior  below.  This  form  of  divergence  has  been  recorded  by  Albiims 
and  Soemmerring.  In  another  female  (No.  23)  the  sUp  passed  from  the 
brevior  above  to  the  longior  below. 

Out  of  102  suhjt  cts,  viz.  68  males  and  SA/emales,  the  extensor  carpi  ra- 
Hialu  intermedim  has  been  found  complete  or  incomplete  m  32,  19  males 


Digitized  by  Google 


50b        Mr.  J.  Wood  on  Variations  in  Human  Myology,    [Jane  18, 

ftnJ  13  iVmales  ;  i.  e.  a  conaiderftble  majority  proportioriateU  ia  iht  laiur 
sex.  la  18  it  was  found  ia  both  arms;  iu  5  iu  the  right ;  aud  in  9  iu  the 
left  onlv. 

26.  Krtertsor  carpi  radiaU*  brerior, — In  16  subjects  out  of  the  36  of 
the  present  year,  the  tendon  of  insertioo  of  this  muscle  was  implanted 
upon  the  adjacent  part  of  tlie  base  of  the  second  niet«carpal,  as  well  as 
uj)on  that  of  the  ikird,  its  nomal  insertion.  In  two  of  these  (Nos.  1 5  & 
16)  this  insertion  was  made  hj  a  short  bnt  distinct  slip.  In  all  the  others 
there  was  no  division  of  the  tendon  at  its  insertion.  In  the  right  arm  of 
the  females  (Nos.  29  &  30)  the  tendon  gave  off  a  slip  from  its  inner  aide  * 
to  tbe  origin  of  the  third  dorsal  interotuovM  muscle,  showing  a  dispontioii 
to  the  formation  of  an  insertion  into  the  base  of  the  fourth  metacarpal,  as 
recorded  by  Albinus  (Ilist.  Muse.  p.  446),  aud  quoted  by  Macwbinote. 
In  the  lyuana  iubereiUaiap  Mivart  describes  the  single  radial  extensor  as 
inserted  by  three  tendons  into  the  second,  third,  and  fourth  metacarpal 
hones.  Thus,  at  intervals,  there  are  found  in  the  human  arm,  slips  from 
the  radial  extensors  to  the  four  outer  metacarpals,  the  extensor  uhiaris 
providing  for  the  fifth.  In  his  paper  in  the  first  Number  of  the  *  Jonr- 
nal  of  Anatomy  and  Physiology '  (Nov.  1866),  the  author  showed  the 
occasional  occurrence  of  a  special  ^(^jor  also  for  each  of  the  metacarpals. 

The  above  insertion  of  a  dip  of  the  brevior  into  the  index-metacarpal  is 
the  first  indication  of  that  form  of  iniermednu  which  passes  from  the  ■ 
brevior  to  the  longior.  The  latter  mnsde  and  tendon,  however,  seem  more 
prone  to  this  fissuring  or  differentiation  than  the  former. 

27.  Stientor  cowwnmU  digitorum, — In  two  subjects,  abnormalities  of 
this  muscle  resulted  from  a  division  of  its  muscular  belly.   In  Nos.  5  ft 
13,  males,  it  gave  a  separate  belly  to  each  tendon — as  reeorded  by  Albtnns, 
Bmgnone,  and  Meckel.   In  the  female  (No.  30)  the  indicial  portion  only 
was  provided  with  a  distinct  belly, — as  mentioned  by  Henle.   In  two  males 
(Nos.  7  &  15)  and  thiee  females  (Nos.  24,  33,  ft  36)  there  was  a  multi- 
plication of  its  tendons.   In  the  female  (No.  24)  there  were  in  both  arms 
two  tendons  to  the  middle  digit.   In  both  anus  of  the  male  (No.  lUi)  there 
were  two  to  the  little  finger.    In  the  left  arm  of  the  male  (No.  7)  there  * 
were  two  each  to  the  riny*  and  /jl//e  digits ;  while  in  the  right  arm  were 
two  each  to  the  indciS  and  little  fingers,  and  no  less  than  /our  to  the  riny- 
digit.   In  the  left  arm  of  the  female  (No.  36)  there  were  two  each  to  tbe 
index,  middle,  and  rtn^-fingers  ;  while  in  No.  33  there  were  two  ea^  to 
the  middle  and  riny.    On  the  right  hand  of  the  last  was  a  small  ftisilbrm 
muscle,  ending  in  a  tendon,  which  was  implanted  npon  the  fascia  covering 
the  first  interosseous  muscle.   All  these  abnormalities  find  a  pavdlel  ia 
those  of  the  extensor  lonens  digitorum  pedis.    The  most  noteworthy  is 
the  last,  which  resembles  the  slip  gi^en  off  from  the  tendon  in  the  foot  to 
one  of  the  metatarsals,  described  in  the  author's  last  paper  as  reaembiii^ 
the  formation  in  the  Sloths  and  some  Reptiles. 

In  tbe  left  arm  of  a  muscular  female  (No.  27),  a  large  slip  of  moade 
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and  tendon  from  tlic  common  extensor  passed  outwards,  in  the  ohli(jue 
groove  of  the  radius,  to  he  united  with  the  tendon  of  the  extensor  sccu/u/i 
intenwdii  pollicis  at  the  base  of  the  first  j)halanx  (fig.  7a).  This  ?erjr 
rare  abnormahty  had  its  parallel  also  in  the  foot,  in 
a  slip  from  the  extensor  longus  digitoruni  pedis  to 
join  the  terulon  of  the  extensor  proprius  hallucis,  de- 
scribed in  last  year's  j>aj)er.  In  both  arms  of  a  fe- 
male (No.  2,"*)  a  similar  trndinous  slip  joined  the 
tendon  of  the  indicator.  This  also  occasionally  has 
its  homologue  in  the  foot  in  a  double  tendon  to  the 
second  toe. 

28.  Extensor  minimi  diyiti. — With  only  two  ex- 
ceptions out  of  the  .S6  subjects,  this  muscle  pre- 
sented a  multiplication  of  its  tendon  ;  and  in  three 
instances  a  complete  donhlc  muscle  was  present.  In 
the  latter  instances,  all  of  which  were  in  males  (Xos. 
1,  I  I,  &  1"),  and  in  both  arms,  the  tendon  of  the 
abnormal  muscle  divided  into  two  slips,  one  of  which 
joined  the  extensor  aponeurosis  of  the  rimj-finyer. 
A  double  muscle  has  been  found  by  the  author  in 
4  males  out  of  OS,  and  in  1  female  out  of  .'M,  in  all 
on  both  sides.  In  both  arms  of  the  male  (No.  10) 
and  the  female  (No.  31),  and  in  the  right  arm  of 
No.  32,  the  extensor  of  the  little  finger  was  provided 
with  three  tendons,  one  of  which  was  furnished  to 
the  ring-diyit.  In  the  right  arms  of  the  male  (No. 
1 1 )  and  the  female  (No.  20),  and  in  the  left  arm  of 
the  male  (No.  13),  the  muscle  was  provided  with 
two  tendons ;  one  of  which  went  also  to  the  ring- 
digit.  Thus,  in  9  subjects,  viz.  6  males  and  3  fe- 
males, out  of  the  18  of  each  lex,  the  rtn^-digit  re- 
ceived a  tendon  from  the  extensor  of  the  little  finger, 
as  well  as  one  ftom  the  common  extensor.  In  all 
the  ittstinces  the  latter  was  placed  superficial  to  the 
former,  constituting  a  dose  resemhlance  to  the 
second  or  ulnar  extensor  muscle  often  met  with  in 
the  lower  animals. 

Out  of  68  males  this  insertion  has  been  found  in  9,  and  out  of  34 
females  in  4 ;  of  these  9  (including  7  males)  were  found  on  both  sides, 
3  in  the  right,  and  1  in  the  left  arm  only. 

In  28  out  of  the  36  subjects  in  the  Table,  the  tendon  of  the  extenmtr 
mtnimi  was  simply  doubled,  toth  being  inserted  into  the  f/th  digit. 
Eleven  males  and  8  fSemales  were  so  provided  in  both  arms,  2  males  and 
1  female  in  the  right  arm  only,  and  6  females  in  the  left  arm  only.  This 
has  been  found  to  be  the  case  altogether  in  23  out  of  68  males  and  in  18 
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out  of  34  femalct  in  102  subjcett— «  pfO|»ortkiD  of  43  per  cent.  In  32  it 
was  in  botJi  trm^  in  4  in  the  right,  and  in  7  in  the  left  only.  It  eeenu  to 
be  the  fitet  point  of  tnneitioa  of  a  slip  to  the  ring-finger. 

In  the  left  am  of  the  male  (No.  7)>  the  extensor  minimi  digiti  wu 
entirelj  tBandiy.  It  wie»  however*  amply  anbetitated  by  three  tendons 
ftom  the  eooimon  extensor. 

29.  Bttcnaor  carpi  ulnaris, — In  5  males  and  1  female  this  mnade  sent 
forward  a  dip  of  its  tendon  to  be  attached  to  the  extensor  aponeuronM  of 
the  Utiio  finger.  In  2  males  and  1  female  this  oceorred  in  both  arms,  and 
in  three  males  in  the  right  arm  only.  In  another  male  (No.  6)  and  a  i 
ibmale  (No.  31),  this  slip  was  present,  but  reached  only  as  far  as  the  head  ' 
of  the  fifth  metaearpai  bone,  into  the  upper  border  of  which  it  was  im- 
planted. 

This  eoiioas  homologue  of  the  peroneuB  ptinti  of  the  leg  has  been 
found  by  the  author  in  12  per  cent,  of  subjects, — viz.  in  10  out  of 
68  males  (7  of  which  were  in  both  arms,  and  3  in  the  right  only),  and  in  2 
only  out  of  34  females  (in  1  in  both  arms,  and  in  the  other  in  the  left 
only).    Thus  it  is      times  ns  common  in  tlic  male  sex  as  in  the  fcmnlo. 

3().  Exfevsor  ossiji  metacarjii  })ol!irh. — In  nil  tl-ic  35  subjects  of  the 
Table,  except  I  male  and  2  females,  this  muscle  was  provided  with  two 
or  more  tendons.    In  the  72  subjects  of  the  Tables  of  the  present  and 
last  year  it  has  been  found  to  ho  the  cnse  in  49.    In  the  male  subject 
(No.  5)  the  division  eiteiuUd  to  the  formation,  in  both  amis,  of  two  dis' 
tinct  musrfeg,  the  inner  one  of  which  was  inserted  by  a  single  tendon  into 
the  base  of  tlie  pollcx  metacarpal  ;  nud  the  outer  was  provided  with  not 
less  than  four  tendons,  three  of  which  were  also  inserted  into  the  same 
bone,  while  the  other  gave  j)art  origin  to  the  opponem  pollicis.    In  this 
subject  the  extensor  primi  internodii  was  present,  aud  ins»erted,  with  the 
secundi,  into  the  extreme  phalanx.    In  both  arms  of  two  males,  and  in  the 
right  only  of  three  more,  there  were  three  tendons  to  the  mnscle,  of  which, 
in  two  instances,  two  were  inserted  into  the  metacarpal,  and  tlie  third  into 
the  trapezium,  or  gave  part  origin  to  the  opponens  or  abdttcfor  puffin's 
muscles.    In  one  subject,  one  of  tlie  tendons  was  inserted  into  the  iulia-  i 
car})al  ijoue,  trapezium,  and  opponens  res[>cetively  ;  arul  hi  another,  into  the 
metacarpal,  opponens,  and  abductor  rcbpeclively.    In  uue,  the  tendon  of 
the  extensor  primi  internodii  came  also  from  this  muscle.    In  both  arms 
of  two  females  and  in  the  left  arm  of  a  third,  two  of  the  tendons  went 
to  the  metacarpal  bone,  and  the  other  to  the  trapezium  and  abductor,  or 
to  the  latter  only.    In  the  opposite  arms  of  those  subjects  in  which  three 
tendons  were  ftnmd  on  one  dde  only,  there  were  always  two  tendons — one 
inserted  into  the  metacarpal,  and  the  other  into  the  opponens  and  abdnctor 
poUys. 

In  24  subjects,  vis.  9  males  and  10  females  on  both  sides.  1  rosle  and 
1  ibmale  in  the  right  arm  only,  and  2  females  and  1  male  in  ^e  left  onljr, 
the  tendons  of  the  extensor  ossis  metacarpi  poUids  were  two  in  number. 
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In  7  of  these,  both  the  tendons  were  inserted  only  into  the  metacarpaL  In 
14»  the  supemnmenry  one  was  inserted  into  the  trspesinin  also.  In  6  of 
them,  slips  were  ^ven  also  to  the  origin  of  the  opponens  polUds;  in  3,  to 
thai  of  the  abductor ;  and  in  4,  to  both  these  mnseles.  In  two  instances 
onlj,  the  second  tendon  joined  the  opponens  or  abdnctor  without  being 
connected  with  the  trapeiinni — ^nrach  resembling  the  slip  of  the  ttrlen- 
«or  cai*pi  radialU  aeentoHnu  before  described^  by  prododng  a  tttgoMinc 
aJbdueter  of  the  thnmb.  The  Utter  has  apparently  been  confounded  by  ana* 
tomista  with  the  abnormality  under  description.  In  the  OrangM>ntang^  the 
author  found  the  extensor  oasis  metacarpi  pollida  provided  with  a  double 
tendon,  one  implanted  into  the  trapesium  and  givfaig  origin  to  the  oppo- 
nens polticis*  In  most  of  the  lower  species  of  Monk^  and  Mammalia  ita 
tendon  is  ain|^e ;  ita  dtfferentiatioii  is  therefore  an  evidence  of  elevation 
of  type. 

31.  Egiensor  primi  intemodii  pollicit. — In  six  casea  the  beUy  of  thia 
muscle  was  blended  indistinguishably  with  that  of  the  extensor  omw  me^ 
iaearpi  poiiieis.  From  this  sprang  three  or  more  tendons,  one  of  whidi 
waa  inserted  into  the  base  of  the  first  phalanx  of  the  thumb.  Three  were 
in  males,  and  three  in  females.  Three  were  in  both  arms ;  two  in  the  right 
and  one  in  the  left  only.  This  arrangement  has  been  found  in  4  out  of 
40  males,  and  in  4  out  of  30  females. 

In  5  males,  I  in  both  arms,  2  in  the  right  and  2  in  the  left  only,  the 
tendon  of  this  muscle  was  inserted  entirely  into  the  ungual  pkaUautp 
either  in  conjonction  with  or  by  the  side  of  that  of  the  emimsor  secundi. 

In  3  males  and  2  females  the  tendon,  though  hai^g  chiefly  its 
normal  insertion,  sent  forwards  a  slip  to  the  same  destination.  This 
last  arrangement  has  been  found  in  12  subjects  out  of  70. 

In  the  male  (No.  7)  there  were  two  slips  of  tendons  to  this  muscle 
in  the  right  anrl  three  in  the  left  arm  ;  of  whiili  two  on  one  side,  and  OUC 
on  the  other,  passed  forward  to  join  that  of  the  extensor  spcundi. 

In  three  subjects  both  imiscle  uud  tendon  were  entirely  wanting — in 
the  female  (No.  19)  in  both  arms,  in  the  female  (No.  22)  and  in  the 
male  (No.  14)  in  the  left  arm  only.  Also  in  the  left  arm  of  the  fen i ale 
(No.  30)  the  tendon  only  (apparently  from  abortive  development)  was 
represented  by  a  slip  reaching!:  from  the  styloid  process  of  the  radius  to 
the  base  of  tlie  first  phalanx  of  the  thumb,  exactly  rs  recorded  in  a  subject 
in  the  author  s  last  paper.  On  the  right  arm  of  the  same  subject  the 
tendon  was  very  feeble,  and  came  entirely  from  among  those  of  the 
extensor  o&sis  metacarpi  j)olHcis.  The  muscle  and  tendon  have  been 
found  entirely,  or  almost  wliolly  wantiug  in  2  out  of  68  males,  nod  in  3 
out  of  34  females,  a  proportion  in  the  latter  sex  of  three  times  as  many  aa 
in  the  former. 

32.  Extetisor  tecundi  intemodii  pollicit. — In  4  females  and  6  females 
the  tendon'of  this  muscle  was  double,  both  liaving;  the  normal  insertion. 
In  2  males  and  2  females  it  was  so  found  in  boili  arms,  in  1  male  and  3 
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femides  in  the  right  ami,  and  in  1  male  and  1  female  in  the  left  onlj. 
In  the  left  arm  of  No.  22,  in  which  the  extensor  primi  was  altogether 
absent,  the  tecundi  sent  off  a  subBtitutoiy  slip  to  the  first  phalanx.  In 
the  left  arm  of  No.  33,  a  slip  from  the  teeundi  wss  given  to  the  first  pha- 
lanx, and  one  from  the  primi  was  sent  forward  to  the  ungual  phalanx, 
forming  a  mutual  compensation  (see  fig.  8,  c,  d). 

33.  Kgtensor  indicis. — In  the  left  arm  of  tlie  female  (No.  33),  the  sub- 
ject of  many  abnormalities,  this  muscle  was  found  to  he  (]iiite  doubled,  a 
tendon  from  each  going  to  the  nsnal  insertion.  The  tendon  only 
doubled  in  3  males  in  both  arms — and  in  3  fe- 
males, I  in  both  arms,  and  2  in  the  left  only,  i^'ig- ^  (Subject  A'o.  33). 
Id  the  left  arm  of  a  male  (No.  1.5)  the  muscle  ^  ^ 
arose  from  the  radius,  carpus,  and  interosseous 
ligament,  and  not  at  all  from  the  ulna.  In  both 
arms  of  the  female  (No.  3;"))  it  arose  in  common 
with  an  extensor  iiicJii  diiiiti,  from  whicli  also  the 
index  rectivcd  a  third  slip  of  tendon,  in  addition 
to  those  from  the  double  indicator  (see  tii;.  ^  it). 
A  double  tendon  or  niuselc  to  the  indicator  has 
been  found  in  1 1  out  ol  102  sul  jects,  viz.  : — in  (i 
males,  on  both  sides  ;  and  iu  5  females — 2  in  both, 
aud  3  in  the  left  arm  oidy. 

34.  Extensor  poll  ids  et  indicis. — In  one  male 
(No.  11),  in  the  right  arm,  and  in  two  females 
(No.  32  &  36),  in  both  arms,  were  found  the 
curious  muscle  first  deiscribed  bv  tlic  author 
under  this  name.  Arising  between  the  extensor 
secundi  and  extensor  indicis,  from  the  liinder  sur- 
face of  the  ulna  and  adjacent  interosseous  liga- 
ment and  intermuscular  septum,  the  muscle  ends 
in  a  single  tendon,  which,  passing  in  the  common 
extensor  sheath,  divides  on  the  carpus  into  two 
tendons.  The  inner  is  inserted  either  separately 
into  the  base  of  the  Jirsf  p/udaux,  or  joins  the 
common  extensor  (ipDueuroais  uf  the  index  ;  while 
the  other  passes  outwards  to  join  either  the  ex- 
tensor  primi  or  secundi  internodii  of  the  thumb. 
In  both  the  females  its  poUex-tendon  joined  that 
o(i\iQ  secundi,  while  its  index- tendon  joined  wholly 
the  common  extentor  in  one,  and  sent  part  of  its 
fibres  to  the  base  of  the  tot  phalanx  in  the 
other. 

In  the  right  arm  of  the  nude  subject  (No.  11),  the  ongiu  of  the  muscle 
was  peculiar  and  differed  from  all  the  other  specimens.  lustead  of 
arising  from  the  ulna  with  the  other  muscles,  it  arose  more  superficially 
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from  the  intermuscular  8e|»tum,  between  the  extensor  coniniunis  and  ex- 
triisttr  ossis  metacarpi  poliicis,  forming  a  layer  intermediately  placed,  and 
appearing,  at  first  sight,  to  be  connected  with  the  deep  surface  of  the 
common  extensor.  Its  pollex -insertion  was  with  the  teiidoii  of  ihe  si-cinuli ; 
and  at  its  uidieiai  it  joined  the  outermost  of  the  tendons  of  a  double  ituU- 
calor  to  be  inserted  into  the  base  of  the  tirst  phalanx.  This  origin  of  the 
muscle  seems  to  form  an  intermediate  link,  and  to  connect  it  with  the 
somewhat  suuilai  abnuiaiaiuy  of  the  extensor  commuuia  digitorum  iu 
subject  27  (see  fig.  7  a). 

35.  Extensor  medii  di(jiti. — In  2  males  ( 1  in  the  right  arm,  auil  the 
other  in  the  left),  and  iu  \  females  (  J  in  both  arms,  1  in  the  right,  and  1 
iu  the  left),  this  muscle  was  found  arising  iu  common  with  the  indicator^ 
the  lower  fibres  of  which  gave  off  a  tendon  to  be  inserted  into  the  base  of 
the  first  phalanx  of  the  middle  digit.  In  2  females,  in  both  arms,  it  was 
found  as  a  separate  muscle  arising,  below  the  indicator,  from  the  ulna  and 
interosseous  ligament.  In  the  right  arm  of  one  of  them  (No.  28)  the 
muscle  had  a  peculiar  origin  from  the  intermuscular  septum  between  the 
extensor  communis  digitorum  and  supinator  brevis,  higher  and  more  super- 
fidal  than  the  rest  of  the  deep  muscles.  Forming  «  Aisifonn  belly,  it 
ended  in  a  long  tendon,  which  was  inserted  into  the  extreme  or  iii^g;ual 
phalanx  of  the  middle  finger,  internal  to  the  common  extensor,  crosring 
the  fibres  of  insertion  of  the  interosseus.  This  abnormality,  again,  has  a 
resemblance  to  the  variety  of  the  extensor  pollicis  et  indicis  just  described 
in  the  male  (No.  11),  In  both  arms  of  No.  33  (the  subject  of  fig.  8) 
the  muaele  (6)  was  distinct  and  gave  off  two  tendons,  of  which  the  inner 
was  inserted  into  the  base  of  the  middle  digit ;  and  the  outer  subdivided 
into  two  slips,  one  to  join  the  inner  tendon  of  a  doable  indieaior,  and  the 
other  to  be  inserted  upon  the  middU  meiacorpal  fascia.  This  hand  showed 
a  remarkable  complexity  and  profusion  of  the  special  extensor  muscles. 

Out  of  102  subjects  this  special  exienwr  of  the  middle Jhtyer  has  been 
found  4  times  in  the  68  males,  and  7  times  in  the  34  femaiea,  giving  a 
proportionate  frequency  of  nearly  four  in  the  latter  sex  to  one  in  the  for- 
mer.  It  is  a  muscle  constantly  present  in  the  Quadrumana. 

36.  Exteaeor  hreeia  digitorum  mantit. — ^In  3  male  and  3  female  sub- 
jects, slips  of  muscle  were  found  on  the  dorsum  of  the  hand,  arising, 
distinct  from  the  dorsal  interossei  muscles,  from  the  os  magnum  or  unciform 
bones,  and  inserted  bto  the  common  extensor  aponeurosis  of  one  or  more 
digits.  In  the  right  hand  of  No.  3,  and  the  left  of  No.  7>  males»  and  in 
both  hands  of  No.  21,  a  female^  there  was  but  one  sHp,  which  was  inserted 
with  the  tendon  of  the  second  dorsal  interosseus  into  the  middle  digit. 
In  both  hands  of  No.  2,  male,  there  were  three  slips,  arising  respectively 
from  without  inwards  from  the  os  magnum,  unciform  and  cuneiform  bones. 
The  outer  was  inserted  with  the  second  dorsal  interosseiis  into  the  middle 
digit— ^d  the  two  inner  on  each  side  of  Qkejlftk  digit,  with  the  abductor 
and  interosseus  respectively.   In  the  female  (No.  23)  there  were  two  slips. 
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in  boCh  luuidib  one  fram  the  os  nagnom  to  the  mkUBe  digit,  and  the  otb^ 
from  the  nnctferm  to  the  digit.  In  the  liemile  (No.  S3),  the  enbjcct 
of  the  hist  fignic^  the  ri^t  hand,  onlj,  showed  three  ^ps,  aiisiDg  from  the 
doisal  aspect  of  the  haiies  of  the  secondt  third,  and  foorth  meUuarpalt 
and  their  dorsal  ligamenti^  and  inserted  into  the  ewret^^onding  digits. 

In  68  nudes  this  masde  has  been  found  by  the  nnthor  in  7«  and  in  34 
females  in  3 — g^vmg  nearly  an  equality  in  the  sexes.  In  looking  orer  the 
works  of  the  older  anatomists,  the  author  finds  that  short  angle  dorsal  dips 
to  the  index  or  middle  finger  had  been  obser?ed  by  Albinus,  and  described 
by  him  as  the  Ifnseii/ais  exteiteor  hreme  d^Ui  mime  vel  medU'*  (Aoad. 
Annot.  libb  vr.  cap.  vi.  p.  28,  and  tab.  fig.  3, 1 734).  A  single  slip  from 
the  carpus  to  the  index  is  described  by  Oantser  as  an  indieaiot  bieeps 
(cp,  eii.  p.  14),  and  sinahtf  ones  by  Otto  as  an  ^  awSea^or  mnmabte  breM* 
(Seltene  Beobacht.  S.  91),  arising  ftom  the  radios  in  one  instanec^  and  from 
the  third  metacarpal  in  another.  In  two  other  male  hands  the  last-named 
anatomist  (bund  a  slip  from  the  carpus  to  the  middle  finger,  whidi  he  calls 
the  "  extensor  anomalus  brevit  dee  MUtelfingers**  Soemmerring,  Petschfl^ 
and  Sandifort  have  described  slips  which  might  be  confounded  with  these, 
but  wliich  refer  rather  to  the  true  indicaior  giving  off  an  extensor  rnedH 
digiti.  In  all  of  them,  howerer,  the  slips  were  single,  and  did  not  form 
the  broad  flat  muscle  described  bj  the  author  in  his  former  papers.  It  is 
remarkable  thai  th^  were  all  found  in  male  subjects.  The  short  comnnon 
extensor  of  the  d%its  is  represented  in  the  Bradyfuu  iridaetylus,  in  the 
two-toed  Anteater,  and  in  the  Saurian,  Chelonian,  and  Batrarhinii  Rep< 
tiles,  according  to  Meckel  (Anat.  Comp.  vol.  t.  pp.  386,  388,  &  391,  and 
Tol.  vi.  pp.  34 f)  &  351,  and  Archiv,  v.  p.  47). 

37.  Abductor  poUieie, — In  2  males  and  2  females  this  muscle  was  dirided 
into  two  portions,  rather  widely  separated  at  their  origins  from  the  trape- 
zium and  annular  ligaments  respectively.  In  the  2  males  and  in  1  female 
this  was  the  case  in  both  hands,  and  in  the  other  female  in  the  left  hand 
only.  In  the  two  males  there  was,  in  addition,  a  considerable  muscular 
slip  from  the  inner  of  the  two  to  join  the  fibres  of  the  tg^poneite  poiiieie  in 
their  insertion. 

38.  Abductor  minimi  digiti. — In  tlic  ri2:ht  hand  of  the  male  (No.  2)  a 
separate  musculnr  head  from  the  anterior  annuliir  liL^ament  joiued  the  ten- 
don of  this  rnupcle  nt  its  insertion.  In  both  hands  of  No.  3  the  muscle 
was  double,  the  Jiexor  brevis  being  absent.  In  the  left  arm  of  No.  1 1  the 
muscle  was  arranged  in  two  parts,  viz.  the  normal  origin,  and  a  high  origin 
2|  inches  above  the  wrist.  The  latter  arose  by  two  heads,  one  fleshy, 
from  the  fascia  coverhi^  the /fe.ror  carpi  ui/icris,  and  the  other  tendinous, 
from  the  tendon  of  tlm  pal )naris  longus.  These  united  above  the  wrist  to 
form  a  fleshy  muscle,  larger  than  the  normal  origin,  and  placed  external 
to  it,  which  became  united  with  it  just  before  its  insertion. 

This  abnoniinlity  has  been  found  in  3  males  only  out  of  102  subjects  of 
both  sexes  examined  by  the  author.    It  has  been  described  by  ^cemmerhug 
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{op.  cit.  p.  2/2).  It  was  also  found  by  Gunther  and  Milde(Dieclurargische 
a^Iuskellehre,  Taf.  30.  fig.  5.  18).  In  the  right  arm  of  a  raoscular  soldier 
vinntzer  found  a  fleshy  muscle  connected  with  the  insertion  of  the  abducior 
minimi  digiti,  arising  from  the  sheath  of  the  Jlexor-carpi-radialia  tendon, 
to  whicli  he  gave  the  name  of  the  '*  accessorius  ad Jiexorem  carpi  radialem ' ' 
{op.  rit.  p.  12),  which  was  evidently  a  muscle  of  the  same  character  as  the 
Ibregoing.  MncwhiimiV  mentions  similar  high  origins  of  this  muscle, 
arising  from  the  (niiiou  of  the  palmares  longus,  as  varieties  of  the  last- 
nun  ud  miJnscle  [op.  cit.  p.  191).  This  abnormal  upward  extension  of  the 
O!  lu^Iii  of  the  abdiK  tor  minimi  diiriii  t ms  tn  correspond  to  the  shortest  of 
the  tliree  muscles  representing  the  uiuar  carpal  extensor  fonyul  in  tlie 
Anteater  (Meckel,  Archiv,  B.  v.  S.  4."),  h).  In  both  hands  of  t\u:  tetnale 
(No.  20)  the  muscle  was  provided  with  a  double  tendon  of  insertion  ;  and 
in  the  right  band  of  No.  33  the  whole  muscle  was  divided  into  two  parts. 

39.  Interossei  jnanth. — In  both  bands  of  1  mules  and  3  iemaies,  and  in 
the  left  only  of  one  otiicr  femnle.  the  mlrrosseus  primus  volaris''  of 
Henle  was  found.  In  No.  4  this  muscle,  as  bt  fure  described,  was  connected 
at  its  origin  with  an  accessory  slip  of  the  extensor  carpi  radialis  lomjior 
(see  fig.  6  c^).  It  has  been  found  in  12  out  of  102  subjects,  usually  ou 
both  sides.  lu  the  males  (Nos.  3  &  4)  the  jirnt  dorsal  was  separated 
into  two  muscles,  the  abductor  and  interosseus  prior  indicts  of  Albinus. 

40.  Sundries. — Besides  the  scapuh-cfavicular  and  chondro-coracmd 
muscles  described  m  the  former  part  of  the  i)!i]iei-,  m  siihjfcts  1  and  13, 
this  column  marks  in  the  male  (No.  7  )  an  aljiiunnaht  v  ul'  the  nifra-sca' 
pular  muscle,  which  consisted  in  a  separate  origin  aud  distinct  superficial 
position  of  the  fibres  derived  from  the  spine  of  the  scapula.  In  the  right 
arm  of  the  female  (No.  21)  the  supinator  longus  received  a  large  muscular 
slip  from  the  eietmnr  carpi  raHaXu  lonffior,  as  described  fdth.  the  abnor- 
mality of  ihe  Utter  mmde.  On  the  i%bt  nde  of  No.  35  two  large  fleshy 
dipt  ftom  the  nintli  and  tenth  fibi,  and  on  the  left  tide  from  the  eighth 
also,  quite  sepwate  and  somewhat  distant  from  the  rest  of  the  serro/tM 
mojf  nus,  were  inserted  into  the  lower  angle  of  the  scapula,  with  the  lower 
fibres  of  that  mosde,  which  reached  no  lower  than  the  seventh  rib.  This 
differentiation  of  the  lower  fibres  of  the  serratns  resembles  the  dq^reuar 
teapiUm  musde  found  in  the  Birds.  The  female  (No.  36)  was  remarkable 
for  the  very  rare  absence,  in  the  right  hand>of  the  jMANom  Arems  muscle. 

The  remaining  sixteen  columns  are  occopied  by  the  abnormal  muscles  of 
the  Leg.  The  additional  lines  of  variation  are  partly  composed  of  musdes 
whieh  have  not  been  before  especially  regarded  (such  as  the  pyrijbnmt, 
ffemefH,  and  ppponem  mmimi  digiii)  and  partly  of  more  numerous  sped- 
mens  of  abnormditiea  presented  hy  those  which  were  before  comprised  in 
the  eolumn  of  sundries  (as  the  ptatUaru,  penmeut  iremt,  and  adductor 
kaUucU), 

41  &  42.  FyriformU  and  Gcm/dlL — ^In  3  males  and  I  female  the  ten- 
don of  the  pyriformU  was  blended  with  that  of  the  obturator  intemus 
VOL.  irt.  2  X 
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and  inaerted  with  it  iato  tbe  groove  of  die  greel  traehenter.  In  one  of 
time  males  (No.  4),  and  in  the  ftmele  (No.  19}>  the  tupenor  ^emeUmgf 
wbieh  usually  intemnei,  was  entirely  absent  on  both  sideik  and  in  one 
other  male  (No.  17)  on  the  right  side  only.  In  the  other  instances  it  was 
inserted  into  the  oommon  tendon.  On  the  right  side  of  the  female  (No.  1 9) 
the  inferior  gemellus  was  also  absent.  In  two  females  the  pyrtfomus 
muscle  was  divided  into  two  parts*  between  which  passed  a  poition  of  the 
great  sciatic  nerve.  This  is  a  frequent  and  striking  abnonnali^  uBually 
noticed  by  anatomical  writers  upon  the  subject. 

43.  Plantaris. — In  the  right  leg  of  the  male  (No.  3)  a  double  moscolar 
belly  was  found,  both  joining  a  single  tendon  rather  larger  than  usual.  In 
both  legs  of  the  female  (No.  22)  a  muscular  slip,  nearly  equal  in  aiie  to 
the  normal  belly,  passed  from  the  inner  side  of 
its  origin  to  be  inserted  upon  tbe  posterior  Uga*  9  (SulgMtNa  7). 
ment  of  Winslow^  close  to  the  insertion  of  the  semi- 
memhranosus-tmAoTit  and  under  the  inner  head  of 
the  gastrocnemius.  This  curious  slip  appeared  to 
be  an  instance  of  a  development  of  muscular  fibres 
in  tlie  substance  of  a  tendon,  similar  to  that  un- 
usual one  wliich  is  seen  in  the  tendon  of  the  pe- 
roneus  quinti  (ti^.  10).  In  its  origin  and  direc- 
tion, however,  it  has  some  resemblance  to  the 
third  head  of  the  gastrocnemius  muscle  found  in 
the  left  leg  of  the  male  (No.  7),  and  marked  in 
the  Table  among  the  sundries  (col.  56).  It  may, 
perhaps,  be  most  convenient  to  describe  it  in  this 
place.  A  fleshy  tapering  head  of  muscle  of  con- 
siderable size  arose  from  the  middle  portion  of  the 
popliteal  surface  of  the  femur  just  above  the  con- 
dyles (fig.  9,  a).  Opposite  to  the  knee-joint  it 
was  joined  on  the  outer  side  by  a  broad  tendinous 
slip  (^),  arising  from  the  posterior  ligament  of 
Winslow  close  to  the  plantaris  muscle  (c).  The 
two  on  joining,  formed  a  considerable  bundle  of 
muscular  fibres,  which,  increasing  slightly  as  it 
descended,  joined  the  inner  head  of  the  gastrocne- 
mius just  before  its  union  with  the  outer.  This 
abnormality  resembled  in  some  respects  that  de- 
scribed by  B.  Quain  (plate  80.  figs.  4  &  .5),  in 
which  a  third  head,  arising  from  the  outer  femoral 
condyle^  croaaed  the  space  between  the  popliteal 
artery  and  voUf  and  finally  joined  the  deep  sur- 
face of  the  outer  head.  Henle  also  describes  a 
third  head,  arising  from  the  popliteal  surface 
of  the  femur,  and  endmg  in  a  cylmdrical  tendon  which  spread  out 
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mid  nnited  with  the  point  of  janetkn  of  the  jo/eiw  and  ptuiroenmuau 
(Mnskellehre).  Thdk  alto  met  with  aoch  ■  inpefDumenrj  head  (cp,  etV. 
p.  316). 

44.  Flexor  longu8  digitorutn  and  lumbricales  pedis, — In  2  males  (Nos. 
4  &  12)  and  4  females  (Nos.  22,  27,  29,  &  30)  the  tendon  of  the  Jlexw 
longus  digitorutn  gave  a  conndefable  oUp  in  the  sole  to  join  that  of  the 
fiexor  longut  ktUlucis,  as  well  as reedved  one  from  it.  In  I  male  it  was  found 
in  both  feet ;  and  in  the  other,  as  well  as  in  3  ont  of  the  4  females,  iu  the 
right  foot  only  ;  in  the  remaining  female  it  was  present  in  the  left  foot  only. 

This  slip  has  been  especiallj  noted  only  in  the  present  year»  and  returns 
an  arerage  of  about  18  per  cent.  Schultze  of  Rostock  found  it  in  29  sub- 
jects out  of  100,  and  usually  on  both  sides  (Zeitschrift  fur  wissenschaft. 
Zool.  xvii.  1).  Nearly  the  same  proportion  was  found  by  Turner  in  50 
subjects  (Edinb.  Phil.  Trans,  xxiv.).  The  slip  did  not  in  our  subjects 
seem  to  be  in  nny  way  compensatory  for  any  want  of  size  in  the  tendon  of 
the  flexor  hallncis  ;  for  in  one  female  (No.  22)  that  tendon  was  unusually 
large  even  before  tlic  junction.  In  the  female  (No.  27)  the  flexor  halliicis 
received  also  a  slip  of  reintorcement  iVom  the  Jlexor  arces.sorius.  In  the 
foot  of  No.  29,  fptnnle,  the  perforathtf/  tendon  to  the  spcuiid  toe  was  derived 
wholly  troiri  that  of  the  ffcxor  ha/Jucis,  the  common  tiexor  supply  in;?  only 
the  three  outer  toes,  in  the  right  foot  of  the  male  (No.  1 1)  the />(?r/bra- 
tinf/  common  flexor  of  the  third  toe  pave  off  a  slip  of  reinforcement  to  the 
perforated  opposite  to  the  base  of  the  metatarsus. 

in  the  male  (No.  1)  the  fourth  lumbricaiis  \vm  absent  in  1)oth  feet.  In 
the  left  foot  of  No.  9  the  same  muscle  was  double  and  bifurcated,  and 
inserted  into  the  crjnti^nions  sides  of  the  fourth  and  fifth  toes.  In  No.  8 
the  third  lumbrtcalis  wa^  double  in  both  feet,  and  inserted  into  the  con- 
tiguous sides  of  the  middle  and  fourth  toes. 

According  to  Froment  (op.  et7.),  varieties  iu  the  pedal  lumbricales  are 
very  rare.  Gantzer  had  previously  stated  the  same  thing  (op.  cit.  p.  17). 
In  the  notes  of  Soemmerring,  quoted  by  Tliede,  Behreuds  is  said  to  have 
observed  the  absence  of  the  ttvo  middle  ones.  Rudolph,  quoted  by  Gantzer 
(op,  cit.),  found  the  third  absent  m  the  left,  aud  the  Juurth  i\\  the  right 
foot  of  a  muscuhir  male. 

Out  of  102  subjects  examined,  the  second  lumbricaiis  pedis  was  found, 
in  one,  absent  on  both  sides  ;  in  one,  the  third  arose  from  the  tendon  of 
the  perforatus  inste<id  of  the  perforans ;  in  another,  it  was  double  on  both 
sides ;  the  fourth  was  absent  in  three  subjects — in  one  on  both  sides,  in 
one  in  the  right,  and  in  one  in  the  lefl  foot  only  ;  in  one  the  same  mnscle, 
in  both  feet,  was  doubled,  bifurcated,  and  inserted  into  contiguous  sides 
of  the  corresponding  toes.  This  gives  a  proportion  of  only  7  per  eent.  of 
afanonnalitiet  in  these  muscles,  oontnsting  widely  with  ^e  frequency  of 
irregnlaritj  of  the  same  mosdes  in  the  hand. 

45.  Flexoir  longus  haiiueu* — ^In  both  feet  of  a  male  (No.  1 7)  the  tendon 
of  this  muscle  gave  no  slip  to  that  of  the  common  Jlexor,   In  both  ftet  of 
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a  female  (No.  31)  the  slip  was,  on  the  contrary,  nrmsimlly  large.  In  the 
right  foot  of  another  (No.  27)  it  received  a  poiividLrabU  shp  from  the 
Jiexor  accessorhis,  as  well  as  from  the  (  omnion  tlt  xor.  In  a  third  (No.  29) 
it  supplied  tin  whole  of  the  perforating  tendon  to  the  second  loe,  after 
receiving  only  a  very  small  slip  of  fibres  from  the  common  flexor. 

46.  Extensor  prim i  internodii  iiailucis  lonffus. — Id  all  the  IH  males  ex- 
cept two,  and  in  13  out  of  the  18  females,  the  base  of  the ^rsi  j  hulanx  of 
the  great  toe  was  the  point  of  insertion  of  a  more  or  less  considerable  slip 
of  tendon,  dt^ci  ibcd  by  the  author  in  t  )riiier  papers  under  the  above  name. 
In  all  except  three  it  existed  in  both  JtLt,  m  two  in  the  rijjht  foot,  and 
in  one  in  the  left  only,  exhibiting  an  unusual  uniformity  lu  ihia  respect. 

In  3  males  (Nos.  5,  7  &  1 1)  the  tendon  was  derived  from  that  of  the  tiln- 
nUt  antictu,  leaving  it  a  little  above  the  ankle. 

TbU  carious  parallel  to  the  jMivnevt  quinti  on  the  outside  of  the  foot, 
had  been  prefiouslj  found  by  the  author  in  five  other  male  sabjecta— in 
four  in  both  feet,  and  in  one  in  the  right  only.  The  Areqoency  of  its 
occarrence  it  in  about  8  per  cent,  of  subjects,  although  this  variety  eeenu 
to  hare  escaped  the  obserration  of  anitomista.  In  the  male  (No.  15)  the 
tendon  existed  in  the  right  foot  only,  as  a  well-defined  and  strong  fibrous 
band  connected  with  the  anterior  ligament  of  the  ankle  -joint,  with  a  distinct 
insertion  mto  the  first  phalanx  of  the  great  toe.  It  was  totally  unconnected 
with  any  other  tendon.  This  instance  presents  a  corious  parallel  to  the  like 
occasional  abortiTC  derelopment  of  the  homologous  tendon  in  the  hand,  via. 
the  e^Utmr  prim  imtemodii  polUek^  which  has  been  described  in  these 
pages  as  baring  been  founds  in  two  instances,  connected  solely  with  the 
styloid  process  of  the  radius,  close  to  the  posterior  ligsment  of  the  carpus. 

In  all  the  rest  of  the  subjects  in  which  this  tendon  was  found,  it  was  an 
offset  of  that  of  the  exttmor  propriuM  AallMeit,  and  was  inserted  either 
singly  into  the  middle  of  the  dorsal  border  of  the  base  of  the  first  phalanz, 
or  joined  with  the  innermost  tendon  of  the  eaeientor  ftrevw  d^torum  in 
the  same  insertion.  Sometimes  it  was  connected  separately  with  the  lower 
fliiiseii/ar  fibres  of  the  proprius^  which  showed,  by  a  disposition  to  separate 
from  the  rest,  a  tendem^  to  form  a  Mtparate  masde^  such  as  that  described 
by  the  author  in  his  former  papers,  and  recorded  by  Bfeckel  (Archiv,  Bd.  v. 
S.  117),  and  mentioned  by  Theile  and  Henle  (Muskellehre,  S.  277).  The 
^p  of  tendon  from  the  extensor  proprius  is  recorded  by  Sosmmerring  (op, 
eii,  p.  323)  and  by  Walther  (in  Haller's  Disp.  Anat.  Select,  vol.  ri.  p.  559). 

47.  Extensor  Imgus  dtgitorum  pedis, — In  No.  1,  male,  this  mnsde 
divided  into  four  separate  bellies,  one  to  each  tendon.  The  outermost  was 
joined  by  two  slips  from  that  of  the  peroneus  tertius,  which  was  split  into 
three  parts.  In  the  left  leg  of  the  male  (No.  6)  a  tendon  of  reinforcement 
was  given  off  in  the  opposite  way,  vis.  from  the  outermost  of  the  extensor 
longus  to  the  middle  of  the  upper  border  of  the  fifth  metatarsal  bone.  In 
the  right  leg  of  the  female  (No.  35)  the  same  abnormality  occurred  in  the 
shape  of  two  tendons  to  the  fifth  metatarsal. 
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Nearly  the  same  ammgement  wa<«  fonnd  in  both  legs  nf  n  male  last  year, 
Tnnking  a  proportion  of  3  in  70  aulgectB.  It  was  founds  aocoidiiig  to 
Meckel,  in  the  Sloths  and  Reptiles. 

In  the  fimiale  (No.  33)  a  slip  was  giren  from  the  second  tendon  of  the 
extensor  kmgut  to  that  of  the  extensor  brevis,  as  found  in  a  male  in  last 
year's  series.  This  was  noticed  by  Macwbinnie  {ep»  eit^  p.  195)  joining 
the  great-toe  tendon  of  the  brens. 

48.  Pmmeus  tertiua. — In  15  subjects,  riz.  8  males  and  7  females,  this 
muscle  presented  abnormalities  of  various  kiuds.  The  most  conspicuous 
was  its  entire  absence  in  the  right  leg  of  one  male  (No.  8)  and  two  females 
(Nos.  21  &  23).  In  the  left  leg  of  the  male  its  tendon  was  very  small,  aud 
was  lost  upon  the  fmtrth  iiUtrotteous  fascia  and  muscle,  not  reaching  the 
metatarsus. 

Out  of  68  males  this  muscle  has  been  found  to  be  absent  iu  5,  and  out 
of  34  females  in  '>  also,  friving  a  proportionate  frequency  of  defciency 
exactly  double  in  the  fejiiales.  Tn  the  5  males  it  was  wanting  in  1  on 
both  sides,  in  3  in  the  right,  and  in  1  iu  the  left  leg  only.  In  the 
5  females  it  was  wanting  in  1  on  both  sides,  in  3  iu  the  rifjht,  nnrl  in 
I  in  the  lett  leg  only.  It  would  thus  seem  to  be  absent  most  Iroqucntly 
in  the  riqht  leg.  In  the  ouly  instance  iu  which  tho  K  it  leg  only  is 
recorded,  tlie  representative  in  the  right  leg  was  a  mere  shp  from  the 
extensnr-communis-digilorum  teiulnn,  which  could  scarcely  be  called  a 
peroH'  us.  This  muscle  is  unifoniily  absent  in  the  Quadrumana  and  all 
the  hn>(T  nnininl'--,  and  aj)pears  to  subserrc  especially  the  erect  position 
peculiar,  among  manuiials,  to  the  human  subject. 

In  both  legs  of  the  male  (Xo.  1)  and  iu  the  right  leg  of  the  female 
(No.  35)  the  tendon  of  the  peroufus  h  rtius  gave  oflf  slips  of  reinforcenierit 
to  the  outermost  terulon  of  the  extensor  lonrms  digitomm,  in  front  eif  the 
ankh*.  In  both  legs  of  No.  16  a  similar  slip  joined  that  of  the  extensor 
brevis,  Iu  5  males  and  4  females  it  was  provitltd  with  two  tendons  or 
split.  In  both  legs  of  No.  4,  and  iu  the  right  leg  of  Nos.  5  &  9  (males), 
both  the  tendous  were  inserted  separately  into  the  fifth  metatarsal  bone, 
one  close  to  its  base,  and  the  otbicr  about  its  middle.  Iu  the  right  lea:  of 
Nos.  7  &  9  (males),  and  No.  27  (female),  in  the  left  leg  of  No.  8  (male), 
and  in  both  legs  of  Nn.  29  (female),  one  of  the  double  tendons,  or  a  sUp 
from  a  single  tendon,  passed  forward  to  join  the  fourth  interosseous  fascia 
or  muscle.  In  both  legs  of  No.  IS  (mak;,  aud  lu  the  left  of  No.  19 
(female),  the  tendon  of  the  peroneus  tertius  was  implanted  wholly  upfou 
the  fourth  instead  of  the  ffth  metatarsal  bone  ,  and  la  both  legs  of  No.  34 
(female)  it  was  mainly  inserted  iuto  the  fourth,  giving  off  a  slip  only  to 
the  fifth. 

Altogether  in  102  subjects  these  varieties  of  redundancy  were  found  to 
be  half  as  many  again  in  males  as  in  females,  contrasting  widely  with  the 
greater  fireqneney  of  deficiency  in  females  before  described. 

49.  PeroneuM  brent* — In  the  male  (No.  3)  the  posterior  fibres  of  this 
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muscle  vrere  connected  with  a  distinct  tendon,  rather  smaller  than  the  normal 
one,  which,  passing  in  the  groove  and  sheath  of  the  peroneus  lonyvs,  waa 
implanted  upon  the  outer  margin  of  the  cuboid  bone  behind  its  peroneal 
groove.  A  similar  instance  has  been  recorded  by  Macalister.  It  is  of  the 
same  character  as  the  peroneus  qiiartua  of  Otto,  which  was  inserted  into 
the  calcaneum. 

The  peroneus  quartus  has  been  found  twice  in  70  subjects  by  the  author. 
Meckel  describes  it  iu  the  Kangaroo.  In  1  male  and  1  female  the  tendon 
of  the  brevis  was  found,  in  both  legs,  to  give  off  a  slip  of  reinforcement 
to  that  of  the  iertius. 

50.  Peroneus  quinti. — This  variety,  constituted  usually,  iu  the  human 
subject,  by  a  slip  of  tendon  from  that  of  the  peroneus  brevis^  given  off 
below  the  outer  ankle  and  joining  the  extensor  aponeurosis  of  the  tittle  toe, 
was  found  in  the  male  (No.  11)  to  have  developed  upon  it  a  complete, 
distinct,  and  fusiform  muscular 


Fig.  10  (Subject  No.  11). 
t 


belly  (fig.  10  a),  exactly  like 
that  described  in  the  author's 
paper  of  1864,  and  also  by  Hal- 
lett  in  his  paper  in  the  Edin- 
burgh Medical  and  Surgical 
Journal  of  1848.  The  pe- 
roneus tertius  (6)  was  present 
and  normal,  and  the  tendons  of 
the  extensor  brevis  digitorum 
(c)  complete. 

In  7  males — 4  in  both  legs, 

1  in  the  right,  and  2  in  the  left 
only — the  tendon  of  the 
roneus  quinti  was  complete, 
reaching  to  the  extensor  apo- 
neurosis of  the  little  toe.  The 
same  was  the  case  in  4  females, 

2  on  both  sides  and  2  on  the 
left  only.  In  2  mates  in  both 
legs,  and  in  6 females,  of  which 
4  were  in  both  legs,  1  in  the 

right,  and  1  in  the  left  only,  the  tendon,  after  parting  from  the  peroneus 
brevis  in  the  usual  way,  became  spread  out  in  front  and  lost  upon  the  upper 
border  of  the  fifth  metatarsal  bone  about  its  middle — an  incomplete 
arrangement,  said  by  Mr.  Davis  to  be  found  also  in  the  Civet  Cat  (Journ. 
of  Anat.  and  Physiol.  May  1868,  p.  217). 

Out  of  102  subjects,  in  the  68  males  the  complete  muscle  has  been 
found  once,  the  complete  tendon  in  18,  and  the  incomplete  tendon  in  5, 
making  24  in  the  males.  In  the  34  females  the  complete  tendon  has  been 
found  in  5,  and  the  incomplete  form  in  8,  making  13  iu  the  females.  This 
gives  about  an  equal  average  in  the  two  sexes. 
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5 1 .  ExtenMT  inm  digitimm, — ^In  4  tmaUB  the  tendon  from  this  muscle 
to  the  teeond toe  wai  found  doubled ;  1  was  found  on  both  uAtB,  2  in  the  ngbt 
foot.  Mid  1  in  the  left  only.  In  S/emolei  the  same  emogement  ooenrred ; 
in  1  In  both  feet»  in  1  in  the  right,  and  in  1  in  the  left  only.  In  2  of  the 
males  (Nob.  4  &  8)  the  euperamnerary  tendon  was  inserted  separatdy  into 
the  base  of  the  first  phabnz.  In  the  rest  it  joined,  like  its  fellow,  the 
extensor  aponeorosis*  In  the  right  foot  of  ooe  male  (No.  3)  and  one 
female  (No.  22)  the  fibres  of  the  muscle  to  the  §eeottd  toe  gave  a  tendinous 
slip  to  the  JIni  interoueems  muscle  and  fasda.  This  is  doubtless  an  im- 
perfect form  of  the  same  abnormality. 

Out  of  40  maUi  the  former  arrangement  has  been  found  in  6,  and  the 
latter  in  3 ;  in  BOfenude^  the  fimncrwas  found  in  d«  and  the  latter  in  1, — 
giTing  a  total  of  IS  in  70  subjects. 

52.  Ahduetor  omU  metaiani  ^tfi<t.— This  muscle,  first  described  and 
figured  by  the  author  in  his  paper  of  1864,  arismg  from  the  outer  tubercle 
of  the  calcaneum,  and  inserted  into  the  tubercle  at  the  base  of  the  fifth 
metatarsal  bone,  coyered  and  concealed  by  the  abductor  minimi  Sgiti  and 
the  insertion  of  the  penmtua  brevity  has  been  found  this  year  in  19  subjects 
out  of  the  36,  vis.  in  1 1  out  of  the  18  males  and  in  8  out  of  the  IS  females. 
Of  the  m&lest  5  were  found  in  both  feet,  3  in  the  right,  and  3  in  the  left 
foot  only.  Of  the  females^  5  were  found  in  both  feet,  1  in  the  right,  and 
2  in  the  let\  foot  only.  It  hns  been  described  by  Professor  Huxley  and 
Mr.  Flower  in  tbe  foot  of  the  Gorilla  and  Chimpanzee,  and  has  been  found 
by  the  author  in  that  of  the  Orang-outang  and  Bonnet-Monkey  ;  and  also, 
lower  in  the  scale,  in  the  Cat,  Hedgehog  and  Squirrel  he  has  found  eri- 
dences,  though  less  distinct,  of  its  presence.  It  is  figured  by  Strauss* 
Durckheim  in  the  anatomy  of  the  Cat.  Mivart  and  Murie  describe  it  iu 
the  Hyrax,  and  the  former  observer  also  in  the  Iguana  tuberculata.  In 
the  Echidna  also  are  fibres  answering  to  this  muscle.  Meckel  describes  a 
similar  muscle  in  the  Makis,  the  Browii  Bear,  and  the  Coati. 

Out  of  63  mahi  tl»e  author  has  found  this  muscle  in  27,  viz.  in  If)  in 
both  feet,  in  4  in  the  right,  and  in  -1  in  the  left  foot  only  ;  out  of  i  \ 
females  he  has  found  it  in  Hs  viz.  in  10  in  hoth  feet,  in  3  in  the  risrht,  and 
in  3  in  the  left  foot  only, — giving  a  proportion  of  about  43  per  cent,  of  all 
the  subjects,  find  n  frequency  of  1  in  the  male  to  1]  in       Jftnale  spx. 

53.  Fifxor  lirevis  digitorum  /)i't//.^. — Tn  'A  umlfs  and  3  females  (iu  one 
ol  the  former  in  both  feet,  and  m  2  iu  tlie  right  foot  only,  and  in  2  of  the 
latter  iu  both  fet  E,  and  in  tlie  other  in  the  right  foot  only)  tbe  outermost 
tendon  of  this  rniiscle  to  tlie  little  toe  \va<  absent,  as  in  the  Qiindrnniaoa. 
In  some,  a  suhstitutory  sHp  of  imisrle,  arising  truin  tiu  i  i  ri  rspoudiiig  ten- 
don of  the  perffirans  or  long  flexor,  was  dii^tovL-red,  but  uiten  no  trace  of 
a  perforittus  tendon  could  he  found  in  the  digital  sheath.  In  the  right 
foot  of  the  mali  (  Xo,  8)  a  slip  of  tendon  from  the  perforans  of  the  middle 
digit  became  blended  with  the  perforatus  at  the  metatarso-phalangeal  joint. 
In  the  same  foot  a  well  developed  fusiform  muscle  arising  from  the  tendon 
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of  the  perforajis  supplied  the  |>LThjr;it( d  teiulon  of  the  little  toe.  In  the 
right  foot  of  No.  11a  long  slip  Irom  the  Jiexor-loiiyus-d'ujitorum  tendon 
juinetl  that  of  the  Jlexor  brevis  p;oing  to  tiiti  middle  toe — as  beibre  descnbed 
with  the  varieties  of  tlie  former  muscle.  In  the  left  foot  of  tlie  same  sub- 
ject a  similar  tcitJuious  slip  to  the  flexor  brevu  tendon  of  the  middle  toe 
arose  from  the  fibres  of  the  accessonus. 

Out  of  08  males  the  uiiti  i  tciulou  of  ihv  flexor  hrems  diffitorum  has  been 
found  uLaeitt  la  10,  viz.  C  in  both  feet,  3  ia  the  iiLrht,  liinl  1  iu  iht  left 
ouly.  Out  of  34  females  it  has  been  found  ab^tnt  lu  j,  viz.  in  both  feet  in 
4,  and  in  1  in  the  right  only.  This  gives  a  proportion  of  I  j  per  cent,  and 
an  exact  equality  in  the  two  sexes.  In  4  of  these,  viz.  3  males  and  I 
female,  a  substitutory  sUp  of  muscle  and  tendon  arose  from  the  corre- 
sponding tendon  of  the  perforansj  as  in  the  Qoadramana.  In  one  this  was 
connected  partly  with  tbe  fibres  of  the  socesBorius,  and  partly  had  n  sepunle 
origin  from  the  tubercle  of  the  calcanenm. 

54.  Jbdueior  kaUueii* — oonsideraUe  stip  from  this  muscle  to  the 
teeond  toe,  arising  ivith  the  front  fibres^  and  inserted  into  the  base  of  the 
first  phalanx,  as  first  found  and  described  by  the  mthor  in  his  paper  of 
last  year,  was  seen  this  year  in  three  Me/es  and  owfiauUe,  In  one  of  the 
malM  and  in  the  female  it  was  found  in  both  feet,  in  one  nude  in  the  right 
foot,  and  in  the  third  in  the  left  foot  only*  A  similar  slip  b  said  by  Meckel 
to  be  found  m  the  foot  of  the  "White  Bear. 

Out  of  40  males  this  slip  has  been  found  in  5,  in  2  in  both  feet,  in  t 
in  the  right,  and  in  1  in  the  left  foot  only.  Out  of  SO/ewuUot  it  has  been 
found  in  1  only,  in  both  feet. 

55.  Opponeno  nunM  HffiH, — ^This  musde^  first  pointed  out  hy  Hade 
as  frequently  present  in  the  human  foot,  has  been  noted  this  year  in  fi  sub- 
jects out  of  36,  in  1  msle  and  5  females.  In  4  it  was  found  in  both  feet, 
in  1  in  the  right  and  in  1  in  the  left  foot  only.  In  i  femsle  in  last  yeac^a 
eeries  it  was  found,  remarkably  Urge,  in  both  feet.  The  author  has  found 
this  muscle  hugely  developed  in  the  Orang.  In  the  Bonnet-Monkey  it 
was  not  present.  It  is  figured  in  CuTier  and  LauriUard's  plates  as  very 
large  in  the  foot  of  the  Lion  and  Panther. 

56.  Sundries. — Besides  the  three-headed  gastrocnemius  already  de» 
scribed,  we  have  in  this  column,  in  the  male  (No.  4),  an  entirely  detached 
portion  of  the  iliaeui  iniertuttf  arising  from  the  middle  of  the  iliac  crest 
by  a  thin  tendinous  aponeurosis,  forming  a  flat  muscular  slip,  which  was 
inserted  into  the  common  tendon  of  the  psoas  and  iliacus  musdes.  In 
both  ieet  of  the  female  (No.  20)  the  abductor  minimi  digiti  was  provided 
with  two  distinct  tendons.  In  the  left  leg  of  the  female  (No.  22)  a  con. 
siderable  fleshy  slip  from  the  adductor  brevis  joined  the  tendon  of  the 
obturator  externus.  In  the  right  foot  of  the  female  (No.  27)  the  tendi- 
nous slip  from  the  insertion  of  the  tibialis  posticus  to  the  outer  cuneiform 
bone,  which  usually  gives  part  origin  to  the  flexor  brevis  haltucis,  passed 
wholly  iuto  that  muscle  without  being  connected  with  the  coneiform.  In 
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the  left  leg  of  No.  29  a  oonsider&blc  muscular  slip  passed  from  the  origin 
of  peeiineiu  muscle  acrois  the  deep  femoral  artery  to  join  the  fibres  of 
insertion  of  the  addueior  Umgus.  This  slip  was  noted  in  two  subjects  in 
last  year's  seiiea*  It  is  al»o  mentioned  by  Macwhinnie  {op.  eit.  p.  194), 
and  is  found  in  some  of  the  Quadrumana,  Carnivora,  and  Rodents. 

lu  the  right  leg  of  the  female  (No.  33)  was  found  a  complete  specimen 
of  the  flexor  acceworius  digitorum  tongiis  pedis,  arising  by  a  single  pennx* 
form  belly  from  the  lower  third  of  the  outer  border  of  the  Jibula  and  the 
po8ttibial  fascia,  and  ending  in  a  tendon  which  joined  that  of  the  flexor 
diffitorum  longm  fif  the  poiut  where  the  normal  "wuMa  earnea  S^Mi" 
was  connected  with  it. 

This  abnormnl  muscle  lias  hevw  ("ound  in  4  7nah  sul)jpcts  out  of  (58, 
and  in  1  female  out  of  34.    lu  nil  if  nrose  from  (ho  lower  third  of  the 
JiOuia  and  the  fascia  covering  the  fexnr  lontjm  hallucis.    In  3  of  the 
males  it  was  found  in  both  legs.    In  the  fourth  male  and  in  the  female  it 
was  found  in  the  r\%\\\  kg  only. 

On  reviewiner  x\\v  forcL^oing  18  males  uiul  18  females  with  reference  to 
the  Table,  it  will  be  seen,  a.s  might  be  expected,  that  the  greatest  absulule 
number  of  abnoi malitRs  in  llie  vertical  columns  (reckoning  both  sides  as 
one)  is  t'ouml  in  those  niuscles  the  variations  of  which  have  been  hitherto 
bes,t  known  to  aii.itomista.  These  have  beeu  uoted  to  abcertaiu  simply 
their  exact  frequt  ncv. 

Of  supernumerary  tendons  of  the  extensor  minimi  dtgiti  and  extensor 
o.s.s/.y  metacarpi  pollieis  there  are  33  instances — 1  only  of  the  males  and 
2  of  the  females,  and  these  latter  in  the  same  individuals  presenting  the 
single  insertion  described  in  most  anatomical  manuals.  The  coronoid 
origin  of  the  flexor  pollieis  longus  is  seen  ni  '17  subjects,  only  5  lualcs 
and  4  ieniales  not  possessing  it.  Siijjs  of  jaucLiijn  with  the  flexor  pro- 
fundus digitorum  were  found  iu  .3  subjects.  The  ex fr /tsar  primi  infer- 
nodii  hallucis  tongue  is  found  in  29  subjects,  only  2  males  and  5  females 
not  possessing  it.  The  peronem  quinti  tendon  is  found  in  20  subjects, 
10  in  each  sez.  Next  comes  the  abductor  oeeis  metatarsi  quinti  in  19 
subjects,  1 1  of  which  are  males — a  much  lai^r  proportion  m  that  sex  than 
waa  found  in  laat  yearns  series.  The  extensor  carpi  radialis  brevior  and 
prim  mienuM  pollieis  each  give  18  abnormalitiesy  9  of  which  in  the  latter 
moflcle  were  inatancea  either  of  partial  amalgamation  or  total  absence,  4  in 
males  and  5  in  femaka*  The  f»eroiMira  tertius  preaenta  ahnonnalitiei  in 
15  aubjects,  2  of  wfaioh  are  instances  of  total  defieiency,  and  both  of  them 
in  fiwudet^  This  is  enriooa  when  eompared  with  the  greater  fivqaency  of 
abseuoe  in  the  same  sez  of  the  tsgteimr  prim  nUernodii  pollieis.  Both 
these  mnsdes  are  eminently  hmua  mosckSi  and  are  never  fonnd  even  in 
the  higheat  of  the  SUmadm*  The  absenee  of  the  two  mnsdes  does  not» 
however*  seem  to  be  correlated ;  it  u  not  found  in  the  same  individual  in 
any  of  the  eases.  The  elMhoee^ialt  palmaris  longus,  and  flexor  prr/un» 
dus  difiitonm  come  next  in  frequency,  each  in  14  subjects,  and  nearly 
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equally  in  the  two  sexes.  The  e^Umor  carpi  rodfolit  lonpiar  (with  the 
aeeeaoriwi)  iind  the  txientar  eosiMMmf  d^fitimm  an  found  abnomial  in 
12  subjects,  and  the  exienaor  teeumK  intenwdH  in  l]«  Thmt  numben 
aooord,  relatively  and  proportionately,  pretty  closely  with  their  jmiallda  in 
last  year's  series. 

The  ^reaiesi  mmber  of  abnormaiitiet  m  each  tubject  is  found  in  the 
male*  :~No.  7  having  no  less  than  25  (the  greatest  number,  it  is  believed, 
ever  found  in  one  subject),  of  which  17  are  in  the  arms,  and  5  only  in  the 
legs ;  and  No.  1 1  having  24,  of  which  14  are  in  the  arms  and  6  in  the  legs. 
No«  17  has  20,  of  whieh  13  are  in  the  arms  and  7  in  the  legs.  In  all  these 
the  greatest  number  is  found  iu  the  arm.  But,  on  the  other  hand,  we 
find  that  No.  4,  having  also  20  abnormalitiei^  has  9  in  the  arms  and  10  in 
the  legs. 

Of  the  fmallMt  No.  33  has  20  abnonnalitie*,  of  whidi  15  aie  in  the 
arms  and  5  in  the  legs ;  while  No.  29  has  also  20,  of  which  1 1  are  in 
the  arms  and  8  in  the  leg^.  In  some,  the  proportion  of  the  number  of  ab- 
normsUties  in  the  an»#  to  those  in  the  /^«is  even  greater  than  the  above — 
as,  for  example,  in  the  males  No.  10  (in  which  it  is  11  to  1),  No.  13 
(12  to  2),  Nos.  2  6  (10  to  2),  and  in  the  females  No.  31  (12  to  2^ 
and  No.  23  (10  to  2).  In  the  male  No.  1  the  abnormalities  in  the  isrms 
and  legs  are  equal,  6  in  each;  and  in  the  female  No.  21  they  are  also 
nearly  cr|ual,  8  in  the  arms  and  7  in  the  legs.  In  only  one  subject,  the  male 
No.  8,  is  the  number  of  abnormalities  in  the  legs  (8)  greater  than  that 
in  the  arms  (4).  The  smallest  number  of  abnomuilities  is  in  No.  14  (male), 
viz.  5  in  the  arms  and  2  in  the  legs;  and  in  No.  26  (female),  1  proper 
to  the  headj  2  connected  with  the  arms,  and  1  in  the  legs. 

In  estimating  the  total  number  of  abnormalities,  both  sides  of  the  body, 
when  alike  or  nearly  alike,  and  complications  affecting  mutually  two  or 
more  nnghbouring  muscles,  are,  for  the  sake  of  convenience,  reckoned  as 
oae  instance.  29(3  are  found  in  the  18  males ^  and  262  in  the  18  females, 
mshiog  a  grand  total  of  558.  Of  the  296  in  males,  13  are  found  in  the 
muscles  proper  to  the  head  and  necky  24  in  those  connected  both  with 
the  head  and  neck  and  am,  182  belonging  to  the  arms  only,  and  77  to 
the  JpffS  only.  Of  the  262  in  femaleSy  7  are  found  in  those  proper  to  the 
heoff  and  neck,  16  in  those  connected  with  the  head  and  neck  and  arms, 
16ri  belonging  to  the  an?is  only,  and  71  to  the  leys  only. 

The  jiroporlion  of  those  in  the  anti'i  to  those  in  the  lc(/s  in  the  two 
sexi""*  is  ninch  more  luarly  <  ijual  in  tlils  year's  than  in  last  year's  subjects 
(iu  which  the  latter  predominated),  and  atiTonnts  to  about  f>  in  the  arms 
to  2  in  the  legs.  All  the  lines  of  variation  observed  iu  former  years,  ex- 
cept the  oceipifo-srapular,  supracosta/ts,  and  a  few  other  le&a  important 
niUj>eles,  have        noted  in  this  years  series. 

Of  the  296  abnormalities  found  in  the  18  males,  1/3  have  been  found 
on  both  sides,  62  on  the  riffht  side  only,  and  b  1  ou  the  le/t  side  only, 
making  123  single  or  onesided  specitncos.    Of  the  262  found  in  the  18 
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females,  138  have  been  found  on  both  sides^  55  on  the  riffht  side  only, 
and  69  on  the  left  side  onhj,  making  124  single  or  one-sided  specimens, 
and  giving  rather  fewer  on  the  right  and  ynore  on  the  left  side  than  in  the 
males.  In  the  females,  also,  it  will  be  observed  that  the  proportion  of  the 
abnormalities  found  on  both  ndes  to  those  found  on  one  side  only  iu  the 
snnie  sex,  is  much  less  than  ni  the  males.  This  is  found  to  deyjend  upon  tlic 
smaller  number  found  in  both  arm,^  of  the  female,  viz.  ui  the  fei/ialea 
to  l'2r)  ii\  the  ntalts,  while  the  number  luinul  in  tlie  left  arm  only  of  the 
females  is  5i  coinjiarcd  with  38  in  the  males;  and  that  tbiiiid  in  the  right 
arm  only  of  feinalcs  i>  *2'J,  compared  with  36  in  the  unties.  On  the 
other  hand,  the  number  found  iu  the  left  /<'(/  ou]y  in  the  female  i-  l)at  10, 
in  comparison  with  13  iu  that  of  the  male,  and  with  20  iu  the  riyht  leg 
only  of  the  former  sex. 

The  disproportion  iu  this  particular  cornea  out  btill  more  markedly  when 
the  whole  number  of  102  subjects  comprised  m  the  Tables  of  the  three 
last  years,  viz.  68  mcUeSt  aud  \\aXi  that  number,  or  34  females,  is  taken  into 
consideration. 

The  number  of  abnormalities  in  the  68  male^  is  414  on  both  sides,  108 
on  the  riyht,  and  101  on  the  left  side  only,  making  _'Uii  om'-iiuled  speci- 
mens. The  number  of  abnormalities  in  the  34  femaleii  is  201)  on  both  sides, 
68  on  the  nyht,  and  81  on  the  left  side  only,  making  149  onesided  spe- 
cimeus. 

Thus  iu  the  females  wc  find  a  proportionate  preponderance  Lu  ilie 
amount  of  about  4j  one-sided  specmiens  j  axid  Lucse  are  maiuly  compot»ed 
of  those  on  the  left  side  only. 

The  total  number  of  abuui malitu  s  in  the  102  subjects  is  981,  of  which 
623  are  in  the  68  males,  and  3.')8  m  the  34  females.  The  number  found 
on  both  sides  is  623,  of  which  414  are  in  the  males  and  209  in  the  femalee^ 
The  number  found  in  the  right  side  only  is  1 76,  of  which  108  are  in  the 
males  and  68  in  the  females.  The  number  found  on  the  left  side  only  is 
182,  of  which  101  are  in  the  males  and  81  in  the  females,  making  a  total 
of  358  one-sided  specimens. 

XVII I.  "On  an  Easy  Method  of  measuring  approximately  the  In- 
tensity of  Total  Daylight."  By  Roger  J.  Wright,  Esq.  Com- 
municated by  Profeaaor  Sto&bb^  Sec.  E.S.  Received  May  21, 
1868. 

An  easy  method  by  which  the  amoimt  of  light  may  be  at  any  time  mea- 
sured and  registeted  appears  to  be  still  wanting.  I  would  suggest  the 
following  plan,  by  whidi  I  believe  the  desired  objeet  may  be  attained. 

AB  is  a  rod  of  solid  metal,  terminated  by  a  heavy  base^  whidiheepa  the 
rod  in  a  perpendicular  positioii.  C  D  is  a  hdlow  tid>e,  blackened  inside,  of 
such  a  dhimeter  as  ezsclly  to  fit  and  slide  over  A  B.  The  extremity,  B,  of 
the  rod  A  B  is  painted  of  a  snowy  white,  with  a  jet-black  spot  in  the  centi«. 
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aa  shown  in  the  figure.  On  A  B  is  marked  the  scale,  beginning  with  seio 
at  A.  The  tube  is  poshed  over  the  rod  till  tfie  extremity  C  coincides  with 
the  zero  line  at  A. 


The  method  of  using  this  instrument  is  as  follows:  —  Draw  the  tul»e 
gently  up  the  rod,  at  the  same  time  looking  steadily  at  the  black  spot 
hefore  mentioned.  It  will  be  found,  as  the  tube  ascends,  that  the  black 
Spot  will  gradually  disappear,  and  ultimately  Tanish  in  the  gloom ;  it  will 
also  he  found  that  on  different  days,  and  d^erent  houre  of  the  eame  day, 
the  |»ol»#  ai  mIkUk  the  blaeh  epot  vaiMee  will  van/  with  ihe  uUeiuity  of 
the  light.  This  pomt  is  reed  off  on  the  graduated  scale,  and  thm  we  are 
enahled  to  measure  the  intensity  of  the  light  at  any  required  time.  In 
taking  an  ohsenratiou,  it  would  be  well  to  state  whether  that  portion  of  sky 
nrand  the  senith  from  which  the  cone  of  rays  proceeds  he  dear  or  elondy. 

It  will  be  seen  that  the  result  obtained  by  tUs  method  is  not  edentijical/y 
oorrecty  as  it  will  be  affected  by  the  eyesight  of  the  person  who  makes 
the  observation^  but  only  in  a  slight  degree.  The  mediod  of  measuring 
lig^t^  as  just  described,  has  been  known  to  me  for  upwards  of  three  yean. 
The  hope  that  I  should  some  day  be  enabled  to  make  the  instmmeni 
9eie^Jl€oUy  correct  has  hitherto  prevented  me  from  making  it  public. 
As  I  understand  that  it  is  h^ily  desirable  to  have  some  means  of  esti- 
mating the  change  In  the  light  which  will  occur  during  the  total  edipse 
of  the  sun  in  August  next,  I  no  longer  ftel  justified  in  keeping  in  the  back- 
ground an  inatmrnent  whieh  may  poatihly  be  of  some  alight  asibtaooe. 
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Fellows  deceased,  list  of,  163. 

 elected,  list  of,  L 

Financial  statement,  IRl. 

Flexure,  experiments  on,  218. 

Fort'igu  luemU-rs  elected  ;— T.  L.  W.  Bis- 
choff,  R.  J.  E.  Clausius,  H.  von  Mohl, 
8.H.Sehwabc,  m. 

Formomenaphthylnitrile,  Mfi. 

Foucaiilt's  governor,  2S& 

Frankland  (E.)  on  the  combustion  of  hy- 
drogen and  carbonic  oxide  in  oxygen 
under  great  pressure,  419. 

Frog,  on  the  phenomena  observed  to  at- 
tend the  propulsion  of  lymph  from  one 
of  the  lympliatio  hearts  into  a  vein  in 
the,  835. 

 ,micro§copieal  charactei-s  of  the  rhyth- 
mically contractile  nuisoular  coat  of  the 
lymphatic  hearts  of  the, 

Oamgoe  (A.),  researches  on  the  blood  ;  on 
the  action  of  nitrites  ou  the  blood,  iiSlL 

Qardiner(M.),  memoir  on  *' Undevelopable 
Uniquadric  Homograpluc**,"  389. 

Qaasiot  (J.  P.)  on  the  observations  made 
with  a  rigid  spectroscope,  by  Captain 
Mayne  and  Mr.  Connor  of  II. M.S. 
*  Nassau,'  on  a  voyage  to  the  Straits  of 
Magellan,  fi. 

Gilbert  (J.  H.),  Royal  medal  awarded  to, 

im 

Gladstone  (J.  H.),  researches  on  refrac- 
tion-equivalents, 439. 

Gold-fields  of  California,  notes  on  tlio  che- 
mical geology  of,  2iiL 

Goodsir  (J.),  obituui-y  notice  of,  xiv. 

Governors,  on,  270 }  three  kinds  of,  272. 

Graham  (T.)  on  the  occlusion  of  hydrogen 
gas  by  metals,  422. 

Gravatt  (W.),  obituary  notice  of,  xvi. 


Gun-cotton,  on  the  stability  of,  172. 
GOnther  (A.)  admitted,  L 

Hanbury  (D.)  admitted,  L 

Hargreave  (C.  J.),  obituary  notice  of,  xvii. 

Harniotonie,  shown  to  belong  to  the  clino- 
rhombic  syst^jm,  319. 

Harris  (Sir  W.  S.),  obituary  notice  of,  xviii. 

Harvey  (W.  H.),  obituary  notice  of,  xxii. 

Haughton  (Rev.  S.)  on  some  elementary 
principles  in  ajinnal  Uiechauics,  liL 

Head  (Sir  E.  W.),  obituary  notice  of,  Ixxi. 

Heat,  specific,  of  mixtures  of  alcohol  and 
water,  837. 

Heart,  caudal,  of  the  eel,  a  lymphatic 
heart,  22Q ;  microscopical  characters  of 
the  rliythmiodly  contractile  muscular 
coat  of'the,  313. 

 of  the  chick,  observations  on  the  de- 
velopment of  the  semilunar  riilvea  of 
the  aorta  and  pulmonary  artcrj'  of,  3:^9. 

Hearts,  Ivmphatic,  of  the  frog,  microsco- 
pical characters  of  the  muscular  coat  of 
the,  342. 

Hedgehog,  anatomy  of  the  blood-vessel 
system  of  the  retma  of,  432. 

Hennessey  (J.  IL  N.)  on  a  3up|>o*etl  con- 
nexion between  the  amount  of  rainfall 
and  the  changes  of  the  moon,  213. 

Hcrschcl  (J.),  letter  concerning  instru- 
ments to  be  used  in  India,  2ij3. 

 ,  observations  of  the  spectra  of  some 

of  the  southern  nebiUse,  41  fi. 

 ,  restdts  of  examination  of  southern 

nebuhe  with  the  spectroscope,  451. 

Hofmann  (A.  W.),  a  contribution  to  the 
knowledge  of  persulphide  of  hydrogen, 

 ,  compounds  isomeric  with  the  sulpho- 

cvanic  ethers  :  L  On  the  mustard-oil  of 

the  ethyl-MTies,  2^4. 
 ,  contributions  to  the  histoiy  of 

methylic  aldehvde,  1^ 
 ,  on  a  new  class  of  bodies  homologous 

to  hydrocyanic  acid  :  I^^  144 ;  II.,  IIM  ; 

III.,  IfiO-li^R 

 ,  transformation  of  the  aromatic  mon- 


amines  into  acids  riclier  in  carbon : 
II.  On  nienaphthoxylic  acid,  the  naph- 
thaline-term corresponding  to  bensoic 
acid,  300;   III.  Chi  menaphtylaminc, 

nomographics,  undevelopable  uniquadric, 

memoir  on,  389. 
Huggina  (W.),  description  of  a  hand  spec- 
trum-telcscojx',  2il. 

 ,  further  observations  on  the  spectra 

of  the  sun,  and  of  some  of  the  star**  and 
nebule,  with  an  attempt  to  determine 
therefrom   whether  these   bodies  arc 
moving  towards*  or  from  the  earth,  382. 
on  the  e|>cctrum  of  Brorsen's  comet. 


1868,  ase. 
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Huggins  (W.)  on  the  spectrum  of  comet 
11.,  1868, 

Ilulke  (W.)  adniilted,  L 

 ,  note  on  the  anatomy  of  the  blood- 

vessel  system  of  the  retina  of  the  hedge- 
hog, laiL 

Hull  (E.),  admitted,  L 

Human  myologj',  variations  in, 

Huxley  (T.  II.').  remarks  upon  Arcka- 
opt^ryx  Uthographica,  243. 

Uydriodic  acid,  action  of,  on  opianic  acid 
and  meconin,  39i  on  hcraipinic  acid, 
ML 

Hydrocarbons  of  the  scries 

n^sonrohoa  on  the :  III.,  Si  ;  IV.  on 
the  relation  between  boiling-point  and 
chemical  structure,  367  ;  V.  Oxidation 
products,  222x 

Hydrochloric  acid,  action  of,  on  opianic 
acid  and  moconin,  3S;  on  hcmipiuic 
acid,  ML 

Hydrocyanic  acid,  on  a  new  class  of  bodies 
houiologuus  to :  144  ;  II.,  148  ;  III., 
150. 

Hvdrogon  gas,  occlusion  of,  by  metals, 
'422. 

 ,  on  the  combustion  of,  in  oxygen 

imder  great  pressure,  419. 

Impact  of  compressible  bodies,  considered 
with  reference  to  the  theory  of  pressure, 
411. 

India,  proceedings  of  the  Council  of  the 
Royal  Society  with  reference  to  the 
undertaking  of  certain  physical  obser- 
vations in,  2S3. 

Intvn.sity  of  total  daylight,  on  an  easy 
method  of  measuring  approximately  the, 
525. 

Jenkin's  governor,  2Z5. 

Johnson  (P.  N.),  obituary  notice  of,  xxiii. 

Jones  (T.  W.),  microscopical  characters 
of  the  rhythmically  contractile  muscular 
coat  of  the  veins  of  the  bat's  wing,  of 
the  lymphatic  hearts  of  the  frog,  and 
of  the  caudal  heart  of  the  eel.  In  tlvrcc 
parts :  Part  L  Microscopical  charac- 
ters of  the  rhythmically  contnictile 
muscular  coat  of  the  veins  of  tlie  web 
of  the  bat's  wing ;  Part  IT.  Micro- 
scopical ciharactcrs  of  the  rhythmically 
contractile  muscular  coat  of  the  Ivm- 
phatic  hearts  of  the  frog;  Part  tll. 
Microscopical  characters  of  the  rhyth- 
mically contractile  niu«cular  coat  of 
ti^e  caudal  heart  of  the  evl, 

 on  the  phenomena  observed  to  attend 

the  proi>\d;*ion  of  lymph  firom  one  of 
the  lymphatic  hearts  hito  a  vein  in  the 

frog,  aa5. 

 ,  Ihe  raudal  h«'art  of  the  eel,  a  Irm- 

plialii  luai-t,  2a£L 


Kew  and  Lisbon  magnetic  ctirves  durii^ 
the  storm  of  February  20-25,  1866, 
comparison  of,  399. 

Kurrachee,  on  the  tides  of,  414. 

Lassell  (W.),  remarks  on  the  great  nebula 
in  Orion,  222^ 
I   Lawcsj  (J.  B.),  Royal  medal  awarded  to, 

I  Lawrence  (Sir  W.),  obituary  notice  of, 
nv. 

I   Lf.ii,  refraction-cqnivalents  of,  t  \  t. 
'    IjeCouU'ur  (J.)  readmitted,  l.jo,  189. 

Loc  (J.),  obituary  notice  of,  xxx. 
,   Life,  animal,  infltu  nce  of,  on  compoe»ition 
of  carbonate-oi-Ume  water*,  1H;>. 

Light,  note  on  the  electro- magnet  ic  th«MT 
I  of, 

I   Lightning,  the  spectrum  of,  11 S, 
Liquids,  on  waves  in,  3-14. 
Lisbon  and  Kew  magnetic  curves  during 

tlie  storm  of  Februarj-  20-25.  18«»5, 

compariijon  of,  2Q&L 
Loi^an  (Sir  W.),  Royal  medal  awarded  to, 

Longridge  (J.  A.)  on  the  resistance  of  the 

air  to  rifled  projectiles,  263. 
liOwo  (E.  J.)  admitted,  1. 

Lymphatic  heart,  propulsion  of  lymph 
from  the,  into  a  vein,  33ii. 

M'^aintoclv  (Sir  L.)  admitt<Kl,  413. 

Macl<^  (Sir  T.),  veriUcation  and  exten- 
sion of  La  Caille's  arc  of  meridian, 
171. 

\  Maddox  (R.  L.)  on  the  apparent  relation 

of  the  nerves  to  the  muscular  struciurea 

in  the  aquatic  larva  of  Tipula  crysUtl- 

Una  of  Do  Geer,  6L 
Magnesium,  refraction-equivalent  of,  444. 
Magnetic  declination,  on  the  lunar-diurnal 

variation  of,  SIL 
 disturbances,  comparison  of,  with 

terrestrial  galvanic  currents,  2iliL 
!   storm  of  Feb.  20-25.  1866,  com- 
parison of  magnetic  curves  of,  at  Kew 

and  Lisbon,  3112. 
Magnetical   instruments,  self-recording, 

at  Melbourne,  170. 
 ,  scll-rc5cordiug,  for  observatory  at 

Bombay,  170- 
Magnetism,  terrestrial,  coninbutiona  to 

(No.  XI.),  480. 
Maitland  (S.  R.),  obituary  notice  of,  xxxi. 
Mamm^ia,  discovery  of  identity  in  mode 

of  origin  between  embryos  of^  and  thoac 

of  other  animals,  175. 
Matteucci  (C),  sur  I'origine  de  I'eloctro- 

toiie  des  nerfs,  258. 
Matthie^sen  (A.)  and  Foster  (G.  C),  re- 
I      searches  into  the  chemical  constitution 
'       of  nnrcotinc  ond  of  its  jirodurt  ?  of  de- 

coniposition  (I'art  ll.\ 
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Mauritiiu,  magnetioal  obserratory  at, 
170. 

Maxwell  (J.  C.)  on  a  method  of  making  a 
direct  coni})nrif«on  of  electroatatio  with 
clcctroroagm  t  if  force  j  with  a  note  on 
the  elcctromugiutic  tbeorj  of  light, 
4^ 

•  on  goTcmors,  22£L 

Meibounic,  new  reiliX'tiug  telescope  to  be 
used  at,  159^  IfiS. 

 ,  self-recording  magnetioal  instru* 

ments  at,  170. 

 telescope,  Report  of  the  Conunittee 

on  the,  to  the  President  and  Council  of 
the  Boyal  Society,  SlIL 

 ,  de^criptiou  of  the  great,  434. 

Menaphthoxylio  acid,  2(KL 

Mpna]>litylarnine,  on,  445. 

Ma-riiiold  (C.  W.)  on  the  law  of  the  re- 
sistance of  the  air  to  rifled  projectiles, 

ifotwrological  obsenration.",  system  of,  for 

the  United  Xiiiffdom,  Ifii. 

 statistics  of  the  ocean,  166. 

Motoors,  method  of  diminishing  apparent 

Telocity  of, 
Methyhc  aldehyde,  contributions  to  the 

history  of,  156. 
Mohl  (H.  Ton)  elected  foreign  member, 

an. 

Monamines,  aromatic,  transformation  of, 
into  acids  richer  in  carbon  (II.)j  2QQ ; 
III.,  4t5. 

Moon,  cliaiiges  of  the,  on  a  supposed  con- 
nexion between  ravufall  ana,  213. 

— — ,  notices  of  fome  part*  of  the  surface 
of  the,  2Iil ;  drawings  of  the,  235. 

Moon  (K.)  on  the  the  impact  of  com- 
pressible bodies,  considered  with  refer- 
ence to  the  theory  of  pressure,  411. 

Mountains,  lunar,  notice  of,  222. 

Mxisole,  proportional  force  of,  12. 

Mustard-oil  of  the  ethyl  series,  on  the, 

Myology,  rariations  in  human,  483. 
Mysteries  of  numbers,  on,  2iii. 

Kapier  (J.  K.)  admitted,  209. 

Narcotine  and  its  products  of  decompo- 
sition (II.)»  re*»«irche8  into  the  chemical 
constitution  of^  89. 

Nebula,  remarks  on  the  great,  in  Orion, 
322. 

Nebula;,  further  obserrations  on  the  spec- 
tra of.  382. 

 ,  southern,  results  of  examination  of, 

with  the  spectroscope,  iiiL 
 ,  spectra  of  some  of  the  southern, 

417. 

Nerfs,  eur  Torigine  do  T^lectrotono  dcs, 

Nerre-actioD,  a  result  of  oxidation,  4G7. 
TOL.  XVI. 


Nenre,  fifth  cranial,  notes  on  variations  in 
the  origin  of  the  long  buccal  branch  of 
the,  450. 

Noumayer  (Q.),  scientific  exploration  of 
Central  Australia,  3  17. 

Newton  (A.)  and  Newton  (E.)  on  the 
osteology  of  the  solitaire  or  didino  bird 
of  the  Island  of  Rodriguez,  Pezophap^ 
solitaria  (Gmcl.),  428. 

Nitrites,  action  of,  on  blood,  339. 

Nitrogen,  on  the  chmination  of,  during 
rest  and  exercise  on  a  regulated  diet  of 
nitrogen,  44. 

Nordenskiold  (A.  E.),  announcement  of 
the  intention  of  the  Swedish  Govern- 
ment to  send  out  a  new  i'olar  cjpctli- 
tion,  aSL 

 ,  further  parf  ictilsrs  of  the  Swedish 

Polar  expedition,  l<>4. 

Northumberland,  iron-built  and  armour- 
plated  ship,  on  the  amo\mt  and  changes 
of  the  polar  magnetism  at  certain  posi- 
tions in  the,  311. 

Nimibers,  on  the  mysteries  of,  alluded  to 
by  Fcrmat,  251. 

Obituary  notices  of  deceased  Fellows : — 

Dr.  Benjamin  Guy  Buliington,  L 

Alexander  Dallas  Bache,  Ixiv. 

William  lliomas  Brando,  ii. 

Dr.  William  Brinton,  vi. 

Walter  Crtim,  viii. 

John  Davy,  b^ix. 

JosCT)h  Edyo,  x. 

Sir  George  Everest,  xi. 

John  CKx)dsir,  xiv. 

William  Gravatt,  xvL 

Charles  James  Ilargreave,  xvii. 

Sir  William  Snow  Harris,  xviii. 

Dr.  WOliam  ilonry  Ilarvoy,  xxii. 

Sir  Edmund  Walker  Head,  Ixxi. 

Porci\  al  Xorton  Jolmson,  xxiii. 

Sir  William  Lawrence,  xxv. 

John  Lee,  xxx. 

Samuel  Roffey  Maitland,  xxxi. 

George  llcnnie,  xixiii. 

Goorg  FriL'driLliBcmhardRiemann,liii. 

Henry  Darwin  Rogers,  xxxr. 

Earl  of  Ros«e,  xxxvi. 

Jmuc^  Smith,  xUi. 

Sir  James  South,  xlir. 

Joseph  Toynbce,  xlvii. 

Robert  Warington,  xlix. 

Rev.  Waiiam  WhewcU,  li. 

Nicholas  Wood,  ixi. 

Lorfl  Wrottealcy,  Ixiii. 
Observatories  for  British  land  meteoro- 
logy, list  of,  Ififi. 
Occlusion  of  hydrogen  gas  by  metals, 

422. 

Ommanney  (E.)  admitted,  JJJL 
Optic  axes,  new  researches  on  the  disper- 
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sion  of  the,  in  Harmotome  and  W<>li- 

Orion,  clmnges  in       nobula  of,  IGS. 
 ,  observations  on  the  great  ncbiJa  in, 

 ,  remarks  on  the  great  nebula  in, 

 ,  Bpcctrum  of  great  nebula  of,  45L 

Oxindicanine, 

Oxiuantown  (Lonl),  an  account  of  obscr* 
yations  on  the  great  nebula  in  Orion, 
made  at  Birr  Castle,  with  the  3-feet  and 
6-foct  telescopes,  between  1848  and 
1867,  6£L 

Omrianinc,  13i. 

Ozone,  on  Xlw  identity  of  the  body  in  the 
attnohphere  whiolidccomposea  iodide  of 
(Mtassium  trith,  fiH. 

Palestine,  on  the  geographical  and  geolo- 
gical relations  of  the  fauna  and  flora  of, 
31G. 

Pancreas,  special  action  of,  on  fat  and 

starch,  2Q1L 
rarko9(E.A.)onthccliraination  of  nitrogen 

during  rest  and  exercise  on  a  regulated 

diet  of  nitrogen,  4dc» 
Parlies  (W.)  on  the  tides  of  Bombay  and 

Kurrarhee,  41  k 
Pendulum-olectrograph,   description  of, 

Persvdphide  of  hydrogen,  contribution  to 

the  Knowledge  of,  i37. 
Petligrew  (J.  B.)  admitted,  4:^7. 
— -,  on  the  distribution  of  the  fibres  in 

the  muscular  tunic?  of  the  stomach  in 

man  nud  other  matumalia,  lliL 
PhiUips  (J.  A.),  notes  on  the  chemical 

geology  of  the  gold-fields  of  California, 

Phillips  (J.)f  notices  of  some  parts  of  the 

surface  of  the  moon, 
Photosphere  of  sun,  constitution  of,  22; 

wind-currents  in,  2SL 
Pliysical  observations  in  India,  proceedings 

of  the  Council  of  the  Royal  Society  with 

reference  to,  283* 
Poisons,  an  attempt  to  apply  chemical 

principles  in  explanation  of  the  action 

of, 

Polar  expedition  by  the  Swcdisih  gorem- 
tru  nt,  3S1.  464.  * 

Pollock  (i>ir  F.)  on  the  mysteries  of 
numbers  alluded  to  by  Ferraat  (Se- 
cond comnninic-ation), 

Potassium,  refraction-equiviJcnt  of,  iAL 

Projectiles,  elongated,  rcijistauco  of  air  to 
the  motion  of,  2fiL 

 ,  rifled,  on  the  resistance  of  the  air 

to,  2ti3. 


three  indeterminate*,  on  the  orders  and 

genera  of,  197. 
Quartic,  binary,  on  the  conditions  for  tlu? 

existence  of  three  equal  roots,  or  of  two 

pairs  of  equal  roots  of  a,  229. 
Quintie,  binary,  on  the  conditions  for  the 

existence  of  three  equal  roots,  or  of  two 

pairs  of  cqiud  roots  of  a,  222. 

Rainfall,  on  a  supposed  oonnexion  be- 
tween, and  changes  of  the  moon,  213. 

Random  straight  Unes,  theory  of  proba- 
bility applied  to,  266. 

Raukme  [w.  J.  M.)  on  wares  in  liquids. 

Reed  (E.  J.)  on  the  relation  of  form  and 
dimeusions  to  weight  of  material  in  the 
construction  of  iron-clad  ships,  906. 

Refraction-equivalents,    researches  on, 

4;3y. 

Rennie  (G.),  obituary  notice  of,  xxxiii. 
Retina  of  the  hedgehop,  anatomy  of  the 

blood •res'tel  system  of  the,  431L 
Richardson  (B.'W.^  admitted,  1^ 
Riemann  (G.  F.  B.),  obituary  notice  of, 

Ixix. 

Rifled  projectiles,  law  of  resistanoe  of  the 
air  to,  321. 

Rigidities,  account  of  experiments  on  tor- 
sion and  flexure  for  the  determination 
of,  2i& 

Robinson  (Rev.  T.  R.)  on  the  new  re- 
flecting telcfcope  to  be  \ised  at  Mel- 
bourne, Australia,  L5iL 
I  Robinson  (Rev.  T.  R.)  and  Grubb  (T.), 
'      description  of  the  great  Melbourne  telc- 
I      scope,  4,^4. 

I  Rogers  (H.  D.),  obituary  notice  of,  xxit. 
j  Roscoe  (H.  E.)  on  the  chemical  intensity 
'      of  total  daylight  at  Kew  and  Pari  in 
18C5-G7. 

I  ,  researches  on  yanadium,  2^ 

i  Rosse  (Eari  of)  elected,  22£>j  admitted, 
3iL 

I  Rosse  (Earl  of),  obituary  notice  of,  xxxri. 

Royal  medal  awarded  to  J.  B.  Lnwen  and 
'  .t.  n.  GUbert,  I2fi;  to  Sir  W.  Logan, 
I  122. 

Sabine  (E.),  contributions  to  terrestrial 
magnetism  (No.  XJ.\  480. 
I   Saline  solutions,  supersaturated,  on, 

Sanderson  (J.  S.  B.)  admitted,  L, 
I  Season,  iuflueneo  of,  on  composition  of 
carbonate-of-lime  waters,  1^ 
Sextants,  description  of  apparat  us  for  yen- 

fieatiou  of,  2. 
Schorlcmmer  (C.)  on  the  constitution  of 
cai)ryl  alcohol  from  castor-oil,  37/L 
-,  n'searches  on  tlie  hydrocarborts  of 


Quadric  foi-rns  containing  more   tlmu         the  series  C"  (No.  III.), 


Schorkmraer  (C.)f  researches  on  the  hy- 
drocarbons of  the  Bcrica  Ho ,,^2  '• 
No.  IV.,  afi2 ;  No.  v.,  322. 

Soluiuck  (E.)  on  the  colouring  and  ci- 
tractive  matters  of  urine :  Part  1^  23  ; 
PartII.,12(L 

 on  a  crystalline  fatty  acid  from 

human  urine,  laS. 

■  ■  on  oxaluratc  of  ammonia  as  a  con- 
stituent of  human  urine,  IML 

Schwabe  (S.  elected  foreign  member, 
311. 

Shanks  (W.),  second  supplementary  -pvper 
on  the  calculation  of  the  numerical 
Talue  of  Kukr's  constant,  154,  156 ; 
third  supplement,  299. 

Ship  'Northumberland,'  iron-built  and 
armour-plated,  changes  of  the  polar 
maguetis»m  at  ccrt4uu  positions  in  the, 
Sll. 

Ships,  iron-clad,  on  the  relation  of  form 
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in  the  construction  of,  300. 

Siemens' s  liquid  gOTemor,  279. 

Simpson  (M.)  on  some  new  deriyatives  of 
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memoir  on, 
Smith  (II.  J.  8.)  on  the  orders  and  genera 
of  quadratic  forms  containing  more  than 
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197. 

Smith  (J.),  obituary  notice  of,  ilii. 

Solar  physics,  researches  in,  336. 

  s]M»ctrum,  observations  of,  by  Mr. 

Hennessey,  lfi9 
SoUtairc,  or  l)irline  bird,  on  the  osteology 

of  the,  -t'ift. 
South  (Sir  J.),  obituary  notice  of,  xliv. 
Spectra  of  some  of  the  southern  ncbulse, 

observations  on,  417. 
 of  stars  and  nebula?,  with  an  attempt 
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towards  or  from  the  earth, 
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Magellan,  fi. 
Spectnun  of  Brorscn's  comet,  on  the,  38G. 

 of  comet  II.,  1868,  on  the,  481. 

 of  the  great  nebula  iu  Orion,  45 1 . 

 of  hydrogen  and  of  carbonic  oxide 

under  pressure,  42L 

 of  lightning,  418. 

 teleseoj>e,  description  of  a  hand,  211. 

Stainton  (H.  T.)  admitted,  L 

Starch,  special  action  of  the  pancreas  on, 

209. 

Stars,  further  observations  on  the  spectra 
of,  882. 

 ,  on  the  physical  constitution  of,  25  ; 

spectral  lines  of,  31 ;  colour  of,  32. 
Stewart  (B.),  an  account  of  certain  ex- 


periments on  aneroid  barometers  made 
at  Kow  Observatory,  at  the  expense  of 
the  Meteorological  Committee,  172. 
Stewart  (B.),de9cription  of  an  apparatti?»  for 
the  verification  of  sextants,  de.^igncd  and 
constructed  by  Mr.  T.  Cooke,  and  re- 
cently erected  at  the  Kew  Observa- 
tory, 2. 

Stokes  (Q.  Q.)  on  the  communication  of 
vibration  from  a  vibrating  body  to  a 
surrounding  gas,  470. 

Stomach,  on  the  distribution  of  the  fibres 
in  the  muscular  tunics  of  the, 

Stone  (E.  J.)  admitted,  437. 

Stoney  (G.  J.)  on  the  physical  constitu- 
tion of  the  sun  and  stars,  25. 

Strjchnia,  effect  of,  470. 

Sulphocyanic  ethers,  compounds  isomeric 
vnih  (I.),  2M. 

Sun,  further  observations  on  the  spectra 
of,  382. 

 ,  on  the  physical  constitution  of,  25» 

Sun-spots,  account  of  some  recent  obser- 
vations on,  4r\7. 

 ,  heliographical  positions  and  areas  of, 

during  t)io  years  1862  and  1863,  336. 

 ,  on  the  periodicity  of,  30. 

Supersaturated  saUne  solutions,  on,  403. 

Swedish  polar  expedition,  3S1.  46-1. 

Telescope,  the  great  Melbourne,  notices 
of,  159, 108 ;  report  of  Committee  on, 
31.1 ;  description  of,  434. 

TemiJeraturc,  comparison  of,  with  spectro- 
scope, l!L 

Terrestrial  galvanic  currents,  comparison 
of,  with  nmgnetio  disturbances,  249. 

Tertiary  plant -beds  of  North  Greenland, 
exploration  of,  174. 

Theory  of  probability  applied  to  random 
straight  lines,  266. 

Thomson's  (Sir  W.)  governor,  276. 

Thomson  (Sir  W.)  on  a  self-acting  appa- 
ratus for  miUtiplying  and  maintaiiiiug 
electric  charges,  with  applications  to 
illustrate  the  voltaic  theory,  62. 

Tlmdichum  (J.  L.  W.),  researches  con- 
ducted for  the  Mcdi(^  Department  of 
the  Privy  Council  at  the  Pathological 
Laboratory  of  St.  Thomas's  Hospital, 
215. 

Thyroid  body,  observations  on  the  ona- 
tomy  of  the,  in  man,  24^  183 ;  relotions 
of,  with  the  thymus,  185. 

Tides  of  Bombay  and  Kurrachee,  on  the, 
414. 

Tipula  eryttallina^  on  the  apparent  rela- 
tion of  the  nerves  to  the  muscular 
structures  in  the  miuatic  larva  of,  61. 

Tomlinson  (C.)  adnaited,  1. 

 on  supersaturated  saline  Bolutions, 
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Tonge  (M.),  obierrfttioiu  on  thB  obrelop' 
iDfliit  of  w»  wniiliiiitttihw  of  tbeamte 
and  pulmonaiy  artMyof  tbAhMrt  of  tiie 

ohick,  329. 
Torsion  and  flexure,  experimenU  on,  for 

the  determinatioaef  ligidities,  248. 
Toynhoe  (J.),  obituary  notice  of,  xlvii. 
Tristram  (Rev.  H.  B.)  on  the  ffoographi- 

otl  and  geological  rdiftioworihewuui 

and  flor  n  of  Palestine,  316. 
Turner  (W.),  notes  on  Tariatioiia  in  the 
ongin  of  ^  long  bnootl  bnuMh  of  tbe 
Ilim  onaial  aflm^  468. 

ITniqtiadrio  homographica,  underolopable, 
memoir  on,  389. 

Urine,  cheniieal  nature,  composition,  com- 
binations, and  metamorphoaei  of  co« 
kmringuMttcr  o^  217. 

 ,  on  *  oiytteUiM  hUf  mod  ftcm, 

135. 

■     t  on  oxalurate  of  ammonia  aa  a  con- 
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matters  of:  I.,  78{  II.,  126. 
Prowiriaiiine,  217. 

Yanadium,  researches  on,  280 }  oxides  of, 
224 ;  ozyohloiides  of,  226 ;  nitrides  of, 

228. 

Vaux  (W.  8.  W.)  admitted,  437. 
Vegetation,  influence  of,  on  compositiou 

of  carbonate-of-lime  waters,  18v. 
Teins  of  bat*d  wing,  microscopical  duno* 

^tors^fmusoular  coat  o(,  342. 


a  Tibrating  bodj  ta  a  sunoonding  gas^ 
471. 

Tko-pteridoB^i^in^  W,  200. 

<   .J  •  . 

Walker  (Col.  J.>0.)»  J^tt««dtoooeming  ob- 
Bcmtioiwill  India  to.  t^  joade  bj  Mr. 
Ilennessey  and  Li«tlt.>SK!Nc\|cl,  293. 

Wttringtou  (R.),  obitonjqf 

•  on  some  altaratioMi 

sition  of  carbonate-of-lime  waters,  de- 
pending on  the  inflnenfie  of  yegetation,. 
aaimal4i^  and  foaaon,  189. 

Waves  in  liquids,  on,  344. 

W(M);)it  of  fanin  in  diffisNnfenoeaof  man, 

\VlicwelI  (Ber.W.),  obituary  notice  of,  IL 
Whympor  (E.),  ej^tellioii  of  Kotlh 

Oreenland,  174. 
WiBiamaon  ( A.  on  ilia  eakolBa 

of  chemical  oporations,  72. 
Wohlcrite  shown  to  belong  to  the  oli* 

norhombic  system,  810»  .t- 
Wood  (J.),  variations  in-faoinan  myology 

ob»ervcd  during  the  winter  session  of 

1867-«8  at  King's  Coikge^  Iiondoo, 


Wood  (y.),  obituary  notice  of,  lii. 
Wright  (R.  J.)  on  an  easy  method  of 

measuring  approximately  the  intensity 
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Wrottesl^  (Lord)^  obitaMj  BOtioft 
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Zodiacal  Ught,  obsffatiflBi  0^  bj  Mr. 
Hennessey,  169* 
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